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HE problem of devising a reliable 
method of estimating heart size by 
mensuration in order to de- 
termine the presence or absence of cardiac 
enlargement 


roen tgen -Ta\ 


has interested cardiologists 
and roentgenologists since the introduction 
of clinical roentgenology four decades ago. 
Various roentgen-ray measurements have 
been advocated and standards of normal 
established in each instance. In addition, 
prediction tables for normality based on 
body measurements have been elaborated, 
particularly by Hodges and Eyster®® and 
more recently by Ungerleider and Clark.* 
In spite of a considerable literature on 
this subject and some general agreement 
as to the relative worth of these various 
methods, the situation remains in general 
unclarified and unstandardized as a routine 
clinical procedure. It is our experience that 
many roentgenologists in their routine 
work giving much 
weight to certain classical but, neverthe- 
less unreliable, standards of normality and 
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thereby, in some instances, misinforming 
the clinician as to the presence of cardiac 
enlargement. 

The great difficulty in arriving at satis- 
factory standards for distinguishing be- 
tween normal and abnormal heart size by 
roentgen-ray measurements lies in the wide 
range of normal values and the overlapping 
of measurements for normal and abnormal 
hearts. This is clearly illustrated in Figure 
1. The very wide range in the size and shape 
of the normal heart is evident and it is obvi- 
ous that a small heart could enlarge con- 
siderably before it would exceed the size of 
the larger normal hearts. Actually the prin- 
cipal difficulties in establishing a reliable 
and accurate borderline between normality 
and cardiac enlargement are caused by en- 
largement occurring in small hearts and the 
fact that some normal hearts, particularly 
those transversely placed in the chest, have 
exceedingly large measurements. In view of 
the confusion which exists in regard to car- 
diac mensuration it seemed most desirable 
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to have a comparative analysis of these 
various standard methods of estimating 
normal heart size and to attempt to evalu- 
ate their relative worth and reliability from 
a clinical standpoint. 
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lowing measurements were determined on 
each individual: (1) the transverse di- 
ameter of the heart; (2) the area of the 
frontal cardiac silhouette by a planimeter; 
(3) the heart volume by the Rohrer 


Fic. 1. Variation of the size and shape of the normal heart. 


MATERIAL 


Our material consists of 150 males and So 
females with normal hearts. Their ages 
ranged from fifteen to seventy years with 
the majority in the latter half of the second, 
and in the third, fourth and fifth decades of 
life (Table 1). This age range is important 
for it seems to us unreliable to derive 
standards of normality based entirely on 
young students. Throughout this study 
orthodiascopy was the roentgenographic 
method employed. In each instance the fol- 


Kahlstorf formula;* (4) the cardiothoraci 
ratio; ($) and (6) the deviation from the 
predicted normal of the transverse heart 
diameter and the frontal cardiac area as 
determined by the formulae of Hodges and 
Eyster in nomograms published by Kurtz.’ 


ANALYSIS OF MATERIAL 

The basic data are summarized in Tables 
II, 111, VII, and vil, and show the spread and 
distribution of the various actual! measure- 


* In so of the younger males this measurement was omitted 
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ments and the deviations from the pre- 
dicted normal in the 200 cases. From 
these it would appear desirable that stand- 
ards of heart size based on actual roentgen- 
ray measurements should distinguish be- 
tween males and females since, in the latter, 
the heart is consistently smaller than in 
males. It will be noted, however, that this 
is largely compensated for in estimates 
based upon body size, as indicated by the 
results from prediction tables. 


ORTHODIAGRAPHIC HEART MEASUREMENTS 
Transverse Diameter of the Heart. From 
our results the transverse diameter of the 
heart lies between 9.5 and 13.9 cm. in 93 
per cent of normal individuals. In only “4 
per cent does the transverse diameter of 
the heart exceed the latter figure and in 
only 8 per cent is this measurement greater 
than 13.4 cm. In go per cent of males the 
transverse diameter is normally less than 
13.4 cm. In females the limits are less, with 
g4 per cent of women having a transverse 
diameter between 9.0 and 12.4 cm. Since 
the point which demarcates normal heart 
size from cardiac enlargement is of pri- 
mary interest, the important upper limits 
for transverse heart diameters are 13.4 cm. 
for males and 12.4 cm. for females. It seems 
safe to conclude, therefore, that the very 
great majority of individuals having trans- 


TABLE | 


Age Distribution 


Age 15—19/20-29/ 30-39/| 40-49 | 50-59/ 60-70 
Males 45 35 24 30 12 4 
Females 8 19 7 1} S 

Total 53 54 31 4! 17 a 


verse diameters greater than these upper 
limits will have cardiac enlargement. We 
are planning a further study of this group 
to determine the approximate percentage 
of normal and abnormal cases having meas- 
urements of transverse diameter greater 
than these upper limits. 
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Frontal Cardiac Area. Examination of our 
data on the frontal cardiac area shows that 
in gO per cent of normal individuals this 
measurement will fall between 80 and 119 
sq. cm. Further, in 95 per cent of normal 


TABLE I] 


Normal Distribution of Actual Heart Measurements 


Tranverse Heart Diameter 


8.5} 9.0 | 9.5 10.0 }10.5)11.0 11. 5 12.0} 115.0 
Centimeters 

8.9/9.4 | [11.9 
College Moles o| i} 2} 3) 8] 4) 7] OF O 
Miscellomeous Moles O} O} 2] 2] 10) 14) 11) 15) 7] 2] 4) 
Females 5| 4) 7} 10) 4] 2] 1] OF O 
Totol O| 6| 8] 14/25/25) 41/26) 17/23] 6] 3] 4) O 


Frontal Cardiac Areo 


60]65| 70] 75 | 90] 95 |100}05 |110]115 130 
Squore Centimeters 

74 | 79/84/89 124/129] 134 
College Moles | o| o| 6/8 3) 3] 3] O| O 
Miscelloneous Males o| 6) 2] 13) 14) 1S) 12] 4) 2) 2 
Femoles i} S| 7] 4) 4) OF Of O 
Total 1} 3] 7 20/23] 18/15 | 4) 2] 2 

Heart Volume 

Cubic Centimeters 

1299|349|399 4491499549599 917 
Miscelloneous Moles | 5S] to) 19) 17] 3) 4) 3] ° 

Females | 1] 2/10] 6/20] 7] 3] 1] of of of of of o 
Totol 30| 18/28/19) 18] 3) 4] 3] o| 2] o 


males this measurement will not exceed 119 
sq. cm. In females, again, the normal heart 
is smaller, with no cardiac area greater than 
10g sq. cm. and g2 per cent of the women 
having areas less than 104 sq. cm. Thus 
with a frontal cardiac area greater than 119 
sq. cm. in males and 104 sq. cm. in females 
there is a 10 per cent chance or less of such 
a heart being of normal size. 

Heart Volume. \n approximately go per 
cent of normal individuals the heart volume 
lies between 350 and 700 cc. with 8 per cent 
exceeding this upper limit. Except for 9 per 
cent all normal males have heart volumes 
of less than 750 cc. while again in 92 per 
cent of the females the upper limit is con- 
siderably less, 550 cc. Thus in the majority 
of individuals a heart volume of more than 
750 cc. in males and more than §50 cc. in 
females would indicate cardiac enlarge- 
ment. 
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Comparison of the Transverse Diameter, 
the Frontal Cardiac Area and the Heart Vol- 
ume. Since the measurements discussed 
above are actual roentgen-ray heart meas- 
urements in contrast to heart size deter- 
minations based on correlative methods, it 
is advisable to compare these at this point. 
Tous there seem to be three criteria of im- 
portance in evaluating the relative clinical 
worth of any method of estimating heart 
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gether. However, there is relatively little 
difference in total spread when these meas- 
urements are analyzed according to sex, 
which emphasizes again the importance of 
differentiating the sexes in actual mensura- 
tion. When go per cent of the cases are 
examined there is a surprising consistency 
throughout except for the heart volume in 
females which appears to have a slightly 
narrower concentrated range of values. 


TaBLe III 


Upper Limits and Spread of Actual Normal Measurements 


Upper Limits of [Percent of Cases Spread of 90% 
Normal Greater Than Total Spread of Cases 
Upper Limits 

$. Males 13.4 cm. 10% 5.9 cm 3..9 cm. 
2Sé Females 12.4 cm. 6% 4.4 cm 3.4 cm. 
ests All Cases 13.4 cm. 8% 5.9 cm 3.9 cm. 
aic Males 119 sq. cm. 5% 64 sq.cm 39 sq.cm. 
eERe Females 104 sq. cm. 8% 49 sq.cm 34 sq.cm 
&8< AllCases | 119 sq. cm. 4% 74 sq.cm 39 sq.cm 
at Males 749 cc. 9% 599 cc 349 cc 
5 3 Females 549 cc. 8% 449 cc 249 cc. 
xs All Cases 699 cc. 8% 699 cc 349 cc. | 


size, i.e. (1) the narrower the range (the 
less spread) of normal values, the more de- 
sirable the method, (2) the smaller the tech- 
nical errors in the method, the more reliable 
the measurement, and (3) the fewer the 
technical difficulties and the less time con- 
suming the method, the more practical 
it becomes clinically. 

In Table 1 are tabulated the upper nor- 
mal limits for each measurement and the 
percentage of normal hearts which can be 
expected to exceed these limits. In addi- 
tion, this table shows for each measure- 
ment the total spread of the normal values 
and the narrowest possible spread to in- 
clude approximately go per cent of the 


cases. When differences in the units of 


measurement are taken into consideration 
there is still a significant difference in total 
spread which favors the transverse heart 
diameter when both sexes are considered to- 


This advantage, however, becomes less sig- 
nificant when the other two criteria are 
considered, for there is a considerable error 
associated with volumetric determinations 
and technically the procedure is somewhat 
complicated and time consuming. Conse- 
quently, from the standpoint of narrowest 
spread there can be no question that trans- 
verse heart diameters yield equally if not 
more favorable results than either the car- 
diac area or the heart volume. 

As to the degree of technical error asso- 
ciated with these measurements the trans- 
verse diameter would appear to be the least 
subject to error. Table 1v in which ortho- 
diagrams were done on the same individual 
on three different days was an attempt to 
determine the consistency of results which 
might be expected from these three meas- 
urements and thereby to estimate the de- 
gree of error in their clinical application. It 


| 
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is evident here and it has been shown else- 
where! that the maximum error in deter- 
mining the heart volume is considerable 
(+10 per cent for normal sized hearts and 
+15 per cent for enlarged hearts). 

In respect to the transverse diameter of 
the heart and the cardiac area our findings 
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tions of the cardiac silhouette which are 
fused with the diaphragm and great ves- 
sels respectively. In a previous report’ 
we showed that the error in this respect 
when the same individual completes the 
silhouette may range from +1 to +§ per 
cent. Further when different individuals 


TABLE IV 


Three Successive Measurements of Same Individual 


Tranverse Heort Diameter Frontal Cordioc Area Heart Volume 

Normal Hear! 9.1 9.3 9.S 4% 73 73 78 7% 4il 390 449 | 15% 
ity 9.5 9.5 4 1% 79 79 78 1% | 388 | 375 | 345 | 12% 

ale 10.0 | 10.0 7 3% 89 95 91 7% | 456 | 491 | 465 | 8% 

10.8 | 10.9 | 11.2 4% 93 98 98 5% | 491 | 507 | 514 | 5% 

VED 1% 98 97 96 | 2% | 642 |589 | 577 | 11% 

7 1.3 11.3 11.6 3% 107 106 108 2% 585 625 594 7% 

- 0.3 2.1 11.8 7% 100 105 114 11% 636 610 | 702 15% 

is 11.5 11.4 11.4 i% 109 107 113 6% 568 581 | 595 5% 

- 12.1 11.6 11.6 4% 116 114 15 2% 598 601 | 577 4% 

12.5 | 12.9 | 12.5 3% 112 | 11% | 620 | 642 | 589 | 9% 

es 13.6 13.4 13.5 1% 122 120 120 2% 807 742 749 9% 

ss 13.8 14.5 14.0 5% 120 126 123 5% 829 883 884 7% 
Average 3% 5% 9% 
Heort Disease| 12.0 | 11.9 11.7 3% 110 110 107 3% 633 631 628 1% 
119.6 | 03.7 1% 130 122 114 | 14% | 759 | 817 | 698 | 17% 

Se 15.8 15.4 | 15.2 4% 158 155 147 7% |1195 |1139 |1039 | 15% 
ia 20.0 | 19.7 |20.6 5% 204 208 233 14% |1609 |1584 |1905 |20% 
Average 3% 9% 13% 
Combined Average 3% 7% 


indicate that when hearts of normal size are 
examined in this manner there is a slight, 
although not significant, difference in the 
average error which favors the former. 
When large hearts are measured on succes- 
sive days we find no increase in error for 
determinations of the transverse heart di- 
ameter whereas in cardiac areas the error 
increases, significantly at times. The in- 
creased error in estimating cardiac areas 
and the fact that occasionally an isolated 
high percentage of error is encountered can 
be explained, we believe, by differences in 
completing the inferior and superior por- 


complete the same silhouette the percent- 
age error may range as high as +12. There 
can be no doubt that since actual mensura- 
tion of transverse heart diameters contains 
no variables more consistent results can be 
expected. 

It is true theoretically that the trans- 
verse diameter will fail to detect cardiac en- 
largement of the left upper border, common 
in mitral stenosis, which will be included in 
the determination of the frontal cardiac 
area. However, even in pure mitral stenosis 
it is only in advanced disease when en- 
largement is obvious that there is sufficient 
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dilatation of the left auricle or pulmonary 
conus in the frontal silhouette to make a 
significant difference in the frontal area. 
In 4 cases of mitral stenosis we found that 
deviations from the predicted normal for 
both cardiac area and transverse diameter 
indicated cardiac enlargement in 3 cases, 
and in one both indicated normal size. 
Consequently we doubt if this advantage of 
the frontal area is as great in practice as it 
would appear to be theoretically. 
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over long periods of time. Actually it is 
only in an exceptional instance that in any 
given studied case a change in the level of 
the diaphragm distorts the transverse diam- 
eter significantly and in these instances 
this artifact is usually obvious clinically 
since obesity or abdominal distention from 
some cause or other is invariably the re- 
sponsible factor. 

There can be little argument that the 
transverse diameter is simpler and more ap- 


TABLE V 


Maximum Change With Respiration 


Measurement Transverse Heart Diameter Frontal Cardiac Area 
Phase of Deep | Deep % Deep | Deep % 
Quiet Quiet 

Respiration Insp. Exp. | Change Insp. Exp. | Change 
Vertical Heart 9.1 10.2 | 11.2 | 23% 73 81 74 11% 
10.0 | 10.7 | 12.4 | 24% 98 110 13% 
Mid Position 10.7 9.2 | 10.8 17% 8 89 80 11% 
11.2 11.5 [12.3 | 10% | lol | 1T7 | 102 | 16% 
Transverse Heart | 13.1 12.9 | 14.7 14% 105 118 bit 12% 
13.0 | 11.4 | 13.1 | 15% 94 92 | 104 | 13% 
Average 17% 13% 


A frequent criticism of the transverse 
heart diameter is that changes in the posi- 
tion of the diaphragm cause considerable 
distortion of this measurement whereas the 
cardiac area is little affected. This objec- 
tion, however, is not valid practically. 
Table v shows that extreme positions of the 
diaphragm can distort both these measure- 
ments significantly, with the cardiac area 
altered, on the whole, somewhat less than 
the heart diameter. Further, it is evident 
from Table tv that from day to day there 
can be little distortion of the heart from 
this source in the same individual. We have 
repeatedly noted the consistency of trans- 
verse diameters in following private cases 
with normal or fully compensated hearts 


plicable routinely than the determination 
of the cardiac area or the heart volume. 
From the literature we were led to believe, 
and we expected to find here that the car 
diac area was definitely superior to deter 
minations of transverse heart diameters. 
However, after an unbiased examination of 
our data we must conclude that the trans 
verse heart diameter, although it, too, is 
open to criticism and error, is equally, if not 
more reliable than the frontal cardiac area 
in determining heart size, and that it has 
certain advantages in respect to inherent 
error and clinical applicability. 


CORRELATIVE METHODS 


Of the somatic measurements which have 
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been studied, heart size correlates best with 
either body weight or body surface area. 
The correlation with body height is less 
close, and age in adults has little value as a 
correlative factor. It is now generally 
agreed that the best approach to the prob- 
lem of measuring heart size in order to de- 
termine the presence or absence of cardiac 
enlargement in an individual case is to have 
standards of normal which are based on one 
or more body measurements proved to have 
a correlation with heart size. The existence 
or absence of cardiac enlargement in any 
single instance is then judged on the basis 
of predicted normal heart size (average 
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the fact that its reliability has been justi- 
fiably questioned. Beside the fact that in- 
ternal chest diameters correlate poorly 
with heart size, it has been recently shown 
by Ungerleider and Clark* that. there 
exists a definite mathematical fallacy in at- 
tempting correlations between transverse 
heart and chest diameters. 

A popular misconception in regard to the 
cardiothoracic ratio is illustrated in a re- 
cent text on heart measurements which 
states rather unequivocally that there is 
little doubt of cardiac enlargement if this 
ratio is over 50 per cent. The questionable 
accuracy of such a statement is manifest 


TasB_e VI 


Normal Distribution of Cardiothoracic Ratio 


Percent 40/41] 42/43/44] 49/50/51 
| College Moles 
Males; | O 1/10; 10; 11; 6) 9} 31/4131) 013 
normal heart size) for individuals with when of our normal material (Table v1), 15 


similar body measurements. A combination 
of body weight and body height has so far 
proved to be the most satisfactory correla- 
tive factor.* Standards of normal heart 
size by prediction tables have been estab- 
lished by Hodges and Eyster for orthodia- 
graphic measurements, and these tables are 
the basis of most studies of this nature. 
Cardiothoracic Ratio. This method of es- 
timating the presence or absence of cardiac 
enlargement was the first of the correlative 
methods and is still widely employed by 
both clinicians and roentgenologists despite 
* At present a combination of height and weight has proved to 
be the most satisfactory correlative index of body size although 
from the preliminary studies? the correlation of heart size and 
body build appears even more promising. The establishment of 
a combination of somatic measurements by which general types 
of body build can be expressed is essential for the practical appli- 
cation of such a correlation. No simple index for expressing body 
build exists and we are at present making anthropometric studies 
in an attempt to establish a practical index for body build and 


thereby to give us an opportunity to test its correlation with heart 
size. 


per cent of males and 26 per cent of females 
had cardiothoracic ratios of over 50 per 
cent. This method is particularly fallible 
by indicating cardiac enlargement in indi- 
viduals with normal but transversely 
placed hearts and, vice versa, by indicating 
normal heart size in individuals with hearts 
vertically placed in the thorax when car- 
diac enlargement exists. To obviate the 
former inaccuracy, if this method is to be 
used, 55 per cent would appear to be a more 
reliable upper limit of normality. The fal- 
lacy of this method in failing to detect car- 
diac enlargement in small hearts is less 
easily remedied. Further, we cannot see 
that this method has any advantage over 
merely determining the actual transverse 
diameter of the heart provided the latter is 
correlated either objectively or subjectively 
with body size. Besides these theoretical 
and real objections there exist, and will be 


2 
= 
} 
} 


672 Wilfrid J. Comeau and Paul D. White May, 1942 
Taste VII 


Normal Distribution Based On Prediction Tables 


Percent Deviation From -3 |- 6] -1 O [46 Jeli 
Predicted Normal | O 5 
College Males 3; 8 8} 10) 5} 5} of OF OF OF} OF}; Of O 
8 Miscellaneous Males | 3) 7] 91/2418 | 4]13) 13 5 2 
= Females oj 4} 7] 9} 7] 9] 7] 3] of of 
Total 9] 15) 25) 28] 36/32 5 16 2 
College Males 6/14] 3/10] 6 2; 0 
= Miscellaneous Males 2i Vi 0 j22 |22 6| 1 
E| Females 4] 7] 2} 4] 
r ©! total 7| 22} 24/60] 5 |40|32| 9) | 
discussed presently, correlative methods of Predicted Frontal Cardiac Area. In Eys 


estimating cardiac enlargement which are ter’s® series of 100 individuals with nor- 
far more reliable and no more difficult tech-_ mal hearts, 25 per cent of the cardiac areas 
nically than the cardiothoracic ratio. On exceeded +10 per cent deviation from the 
the whole, we believe that the present gen-__ predicted normal and of these 9 per cent 
eral reliance upon the cardiothoracic ratio had a greater deviation than +10 percent. 
for detecting cardiac enlargement leads to Kurtz’ in another series of 500 normal 
avoidable errors and that it would be best cases found that 88 per cent of his normal 
were it discarded as a routine procedure, cases had a frontal cardiac area which fell 
particularly since an equally simple and_ within the limits of +10 per cent deviation 
much more reliable method is available. from the predicted normal and only 3 per 


Tas__e VIII 


Spread of Normal Predicted Measurements 


Deviation from Less Than More Than 
+ |O%to—-10% — 10% +10% 
Total 
Number | Percent | Number | Percent | Number | Percent Spread 
of of of of of of 
Cases | Total Cases | Total Cases | Total 
— Males 82 55% 60 40% 8 5% |-35%tot30% 
|Females|; 27 54% 21 42% 2 4% |-30%to+30% 
© | 109 154.5%] 81 140.5%] 10 5% |-35%tot+30% 
Males | 123 82% 18 12% 9 6% |-20%tot20% 
= 
5 @|Femoles| 38 | 76%| 11 | 2% |-20%tot+15% 
= 
2 = Total 16] 80.5%| 29 14.5% 10 5% |-20%tot20% 
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cent of the remaining 12 per cent exceeded 
a +10 per cent deviation. Our results 
(Tables vir and viit) using this method 
showed that 45 per cent of the normal car- 
diac areas lay beyond a +10 per cent devia- 
tion with no significant difference between 
the sexes (45 per cent males, 46 per cent fe- 
males). The wide range by this method is 
evidenced by the fact that values were scat- 
tered between +30 per cent and —35 per 
cent deviation from the predicted normal. 
However, only 5 per cent had a deviation 
which was greater than +10 per cent, again 
with little difference between males and 
females (males 5 per cent, females 4 per 
cent). It is evident that there is a consider- 
able discrepancy in the degree of concen- 
tration of normal cardiac areas between 
the limits of a +10 per cent deviation in 
these three series of cases. We are unable 
with any degree of certainty to account for 
this discrepancy between the series of 
Eyster and Kurtz and of our own. It is 
possible that in part this discrepancy may 
be explained by the fact that we have 
completed the upper border of the cardiac 
outline less generously than illus- 
trated by Kurtz. The completion of the 
cardiac outline in our material was based 
on a study of heart models made in this 
laboratory from actual clinical and patho- 
logical material. 

In our own group we found that the 
cardiac areas in all but 10 of §0 college stu- 
dents (a rather tall group on the whole) 
ranged between a —10 per cent and —35 
per cent deviation from the predicted nor- 
mal and of the remaining 10, not one had a 
plus deviation. Although measurements by 
all the methods were on the whole slightly 
smaller in the college group and the extreme 
high normal values were fewer, there was 
no such marked discrepancy as was mani- 
fested by the method under discussion. Un- 
less the heart size lags behind body growth 
as evidenced by height and weight, one must 
conclude that the prediction tables are 
responsible.* The inclusion of this group, 
however, does not distort the results as 
much as might at first be expected. Exclud- 
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ing this college group, 34 per cent of cases 
still exceed a +10 per cent deviation and 7 
per cent instead of 5 per cent exceed the 
predicted normal by more than + Io per 
cent. Although both the series of Eyster 
and Kurtz show approximately a one to 
one distribution of the plus and minus de- 
viations, in our results the latter is weighted 
by a two to one ratio without the college 
group, and by a three to one ratio if it is 
included. From our results we must con- 
clude that the prediction table for frontal 
cardiac area tends to overestimate the size 
of the normal heart and consequently that 
it may fail in many instances to detect 
cardiac enlargement when it exists. 
Predicted Transverse Heart Diameter. In 
regard to the predicted transverse heart 
diameter (Tables vir and viit), we found 
that 80 per cent of normals were included 
between a +10 per cent deviation with 
only 6 per cent exceeding a + Io per cent 
deviation. Estimating from the charts of 
Eyster and Kurtzt we find that in the for- 
mer 84 per cent and in the latter g1 per 
cent of normal cases fell within a +10 per 
cent deviation with 8 per cent and 3 per 
cent respectively of cases exceeding a +10 
per cent deviation. Our findings, then, by 
this method correspond satisfactorily with 
Eyster’s series. In constructing prediction 
tables based upon teleroentgenographic 
measurements, Ungerleider and Clark? 
found that 80 per cent of normals fell within 
a +10 per cent deviation with 12 per cent 
exceeding a +10 per cent deviation. It is 
obvious that by this method there is gen- 
eral agreement between the results of 
Eyster, Ungerleider and Clark, and our- 
selves. As a generalization it can be said 
that 80 per cent of normal hearts will fall 
between a +10 per cent deviation from the 
predicted normal transverse diameter and 
that not more than Io per cent will exceed a 
+10 per cent deviation. The distribution 
in our series between the plus and minus de- 


* Our planimeter has been checked and found accurate and 
since the silhouettes were completed by the same person, all 
technical errors seem to be eliminated. 

+ Actual figures not given.’ 
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viations for transverse diameters is fairly 
well balanced with a three to two ratio, the 
same as in the group studied by Eyster. In 
Kurtz’s series the plus and minus devia- 
tions were almost balanced equally, with a 
five to four ratio. 

Comparison of the Two Prediction Meth- 
ods. It may be noted that we did not test 
these methods by using them as an index 
for distinguishing between individuals with 
and without heart disease as was done by 
both Eyster and Kurtz. We question the 
validity of such a test for judging the reli- 
ability of any method of estimating heart 
size, since heart disease and cardiac en- 
largement are not necessarily synonymous. 
In uncomplicated coronary disease, for ex- 
ample, there is often no cardiac enlarge- 
ment, and even in mitral stenosis there may 
be sufficient dilatation of the posteriorly) 
placed left auricle and of the right ven- 
tricle to be discerned in any measurement 
made in an anterior projection of the heart 
shadow only in advanced cases. Further- 
more, a normally small heart may enlarge 
considerably and still be within estab- 
lished normal limits. 

Cardiac enlargement is always most eas- 
ily demonstrated in measurements derived 
from an anterior silhouette in those individ- 
uals whose heart disease affects primarily 
the left ventricle. In a previous study we 
hoped to remedy this obvious difficulty 
with methods using only one plane by in- 
vestigating heart volume determinations. 
Our study in this regard proved disappoint- 
ing, due largely to the high percentage of the 
technical error of the method when applied 
practically and we were forced to conclude 
that until perfected, volumetric determina- 
tions have no advantages over simpler 
methods of determining heart size. 

Table vim shows clearly that there is a 
high percentage of concentration of values 
(81 per cent) between a +10 per cent de- 
viation from the predicted normal in the 
case of the transverse heart diameters 
which is not evident when the frontal car- 
diac area is employed (5§ per cent). Since 
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there is no difference between the two so far 
as values exceeding a +10 per cent devia- 
tion (§ per cent) are concerned, the gain in 
concentration made by employing trans 

verse heart diameters is made in the values 
having less than a —10 per cent deviation. 
This, plus the fact that deviations from pre 

dicted normal transverse heart diameters 
have a much less total spread than the car 

diac areas, indicates that there is more like 

lihood of detecting cardiac enlargement in 
the normally small hearts by employing 
prediction tables based on transverse heart 
diameters. The consistency of our results 
with those of others in regard to predicted 
heart diameters in contrast to the discrep 

ancies associated with predicted cardiac 
areas further favors the reliability of the 
former. To these factors favoring the use of 
transverse heart diameters frontal 
cardiac areas in prediction tables must be 


over 


added, since an actual heart measurement 
1S applied in this method, the conclusion 
which we made above, that of the actual 
measurements the transverse diameter is 
also favored. From our results one must 
conclude, therefore, that deviations from 
predicted normal transverse diameters ful 
fill most satisfactorily both the theoretical 
and practical aspects of the problem of car 
diac mensuration. 


GENERAL DISCUSSION 


It is evident that the problem of estab 
lishing a clinical method of measuring heart 
size so that the presence or absence of car 
diac enlargement in every instance can be 
established unequivocally has yet to be 
solved, and, due to the biological nature of 
the problem with the wide variations of 
normality, it is very unlikely that such an 
ideal will ever be attained. We believe that 
actual heart measurements alone have a 
limited value and that they are most satis 
factory in observing the changes in heart 
size which occur as an individual case is 
followed periodically. In this regard our 
findings indicate that of the actual meas 
urements studied, the transverse diameter 
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of the heart is in general as reliable as any 
direct measurement and much more suit- 
able from the viewpoint of general clinical 
applicability. We feel certain, however, 
that actual mensuration alone, except in 
obviously normal or enlarged hearts, is not 
the most reliable method for determining 
the presence or absence of cardiac enlarge- 
ment in an individual case. 

Of the available methods for determining 
cardiac enlargement the most sound are 
those based upon correlations between 
body size and heart size. It has been shown 
that the size of the normal heart depends in 
a large measure upon the body build and 
the size of the individual and only by cor- 
relative methods of determining heart size 
can this very important fact be utilized. 
We consider the use of prediction tables as 
the most reliable available method of estab- 
lishing the existence of cardiac enlarge- 
ment. Although Eyster, Kurtz and others 
feel that the most reliable results are ob- 
tained with the frontal cardiac area, our 
results lead us to conclude that by employ- 
ing the transverse diameter of the heart, 
and a deviation from the predicted normal 
of greater than +10 per cent used as an 
index for the existence of cardiac enlarge- 
ment, more reliable results are obtained. 
This conclusion permits the general adop- 
tion of this method since the transverse 
diameter of the heart is a simple measure- 
ment and is at present widely employed 
in some capacity or other for estimating 
heart size. We wish to emphasize that the 
use of prediction tables is a no more com- 
‘plicated procedure technically than the 
routine methods now in general usage since, 
other than the height and weight of the 
individual and the transverse heart diam- 
eter, no other data are necessary. 
thermore, from the viewpoint of 


general 
clinical applicability prediction tables now 
exist for measurements made from stand- 
ard 6 foot teleroentgenograms as well as 
from orthodiagrams. 

It should be pointed out that although a 
majority of individuals with significant car- 
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diac enlargement can be defined by cardiac 
mensuration, there is no reliable method of 
determining how many individuals with 
slight or moderate cardiac enlargement are 
included within the established normal lim- 
its. 

In borderline cases the transverse heart 
of a heavy individual often presents great 
difficulties since such hearts, normally, 
have usually large measurements and the 
presence of cardiac enlargement is thus dif- 
ficult to establish. There is need for a better 
correlation standard to express body build 
than body weight and height, and if the 
present somatic standards can be improved 
more reliable results may be expected. 

Consequently, it should be more widely 
recognized that although heart measure- 
ments are helpful as an aid to diagnosis, 
they are not infallible and considerable 


judgment must be employed in their 1n- 


terpretation. The opinion of an experienced 
observer, particularly one familiar with the 
clinical aspects of the case, as to the exist- 
ence of cardiac enlargement after roentgen 
examination of the heart and lungs, is more 
valuable by itself than a heart measure- 
ment, although the latter may be of con- 
siderable importance in forming a final 
opinion. 


CONCLUSIONS 


1. A comparison of transverse heart di- 
ameters, frontal cardiac areas, and heart 
volumes in 200 normal hearts (150 males 
and § leads us to conclude that 
the transverse diameter of the heart com- 
pares favorably the other actual 
heart measurements and is the most satis- 
factory from the clinical standpoint. 

2. We believe that the cardiothoracic 
ratio is not sufficiently reliable to warrant 
the wide usage which it now enjoys and 
that it should be discarded in view of the 
fact that it has been superseded by a more 
accurate and an equally simple correlative 
method. 

3. We have found that prediction tables 
offer the best approach to the problem of 


females) 
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determining whether cardiac enlargement 
exists in an individual case. Our results in- 
dicate that the use of the transverse heart 
diameter and its deviation from the pre- 
dicted normal is as yet the most reliable 
and the most applicable clinically of the 
existent methods. The use of prediction 
tables is as simple a method of estimating 
heart size as the determination of the car- 
diothoracic ratio and can be routinely ap- 
plied as easily. Since prediction tables for 
the transverse diameter based either on 
orthodiagraphic or teleroentgenographic 
measurements are now available and since 
the transverse diameter of the heart is now 
widely employed routinely in some capac- 
ity or other in determining heart size, pre- 
diction tables based on transverse heart 
diameters may well be adopted generally 
and accepted as the standard clinical pro- 
cedure for cardiac mensuration, until a 
better correlation is introduced. 

4. Cardiac mensuration is a valuable but 
not infallible aid in determining the pres- 
ence or absence of cardiac enlargement. It 
should not be accepted unreservedly, how- 
ever; One must combat such a tendency as 
in any other laboratory procedure in 
which mathematical limits are established. 
Heart measurements must be interpreted 
with judgment and with the realization 
that exceptions to the established limits 
exist. Of particular importance in evaluat- 
ing these measurements is the appreciation 
of the importance of body build and the 
position of the heart in the thorax in de- 
termining the size and shape of the normal 
heart. Consequently, rather large meas- 
urements may indicate a relatively small 
heart for individuals of a certain habitus 
whereas similar or even smaller measure- 
ments may signify considerable cardiac en- 
largement in individuals of a different 
body build. This factor is too often over- 
looked in the routine roentgenological ex- 
amination of the heart. 


Prediction tables based upon teleroentgenograms 
may be obtained from Dr. Harry Ungerleider of the 
Equitable Life Assurance Society of New York. If 
orthodiagraphic measurements are used, tables or 
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nomograms for prediction purposes may be found 
in Kurtz’s book or a cardiac slide rule developed in 
the diagnostic laboratories of the Equitable Life 
Assurance Society and manufactured by the Picker 


X-ray Corporation of New York City may be used. 
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ADDENDUM 


Further discussion by Dr. Comeau in 
answer to questions on this subject at the 
annual meeting of the American Heart 
Association in Cleveland, Ohio, on May 
30, 1941: 

I thoroughly agree with Dr. Kurtz (Chester 
M. Kurtz, Madison, Wisconsin) that the cardio 
thoracic ratio should be given up, and that a 
prediction method should be utilized as a 
routine procedure for cardiac mensuration. 

From the practical aspect, I think we all 
agree that the cardiac area is a more compli- 
cated procedure than the transverse diameter, 
and it is true that the more complicated the 
procedure, the less likely it is that it will be 
used widely. 

There are several important sources of error 
in estimating cardiac areas. The main one is the 
completion of the superior and inferior borders 
of the cardiac shadow, which are hidden by the 
great vessels above and the diaphragm below. 
I know that my results on the cardiac area dif- 
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fer from those found by Dr. Kurtz, and I am 
quite convinced that the reason they do differ 
is because I have been less generous in com- 
pleting the hidden borders of the cardiac sil- 
houette. 

It is also true that there is an individual 
error that I have proved on myself by measur- 
ing the cardiac area from tracings of an original 
orthodiagram on different dates. I, too, like 
Dr. Kilgore (Eugene S. Kilgore, San Fran- 
cisco, Calif.) have found occasional differences 
of as high as 10 per cent, and I have also checked 
against other individuals completing the same 
orthodiagram and found errors as high as 15 
per cent. It may be that an occasional check 
will show an error, as was commented upon, as 
high as 25 per cent. 

In regard to the question of Dr. Master 
(Arthur M. Master, New York City) concern- 
ing measurements of left ventricular hyper- 
trophy, I know of no measurements other than 
by Dr. Robb’s (George P. Robb, New York 


City) roentgen method of outlining the left 
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ventricular cavity with opaque material there- 
by enabling one to measure the thickness of 
the left ventricular wall. This, of course, is not 
a very practical method for routine use. 

In conclusion, I would like to leave this im- 
pression: when a cardiac measurement is em- 
ployed, one should appreciate that it is merely 
an aid in diagnosis and that it should not be 
accepted too literally. The acceptance, for ex- 
ample, of a cardiothoracic ratio of over 50 per 
cent as indicating cardiac enlargement is actu- 
ally not uncommonly encountered and un- 
questionably has led to many erroneous diag- 
noses of heart disease. Actually, the most im- 
portant factor in estimating heart size is the im- 
pression obtained by a reliable and experienced 
roentgenologist. Cardiac measurement should 
be utilized as an aid in diagnosis after a thor- 
ough roentgen examination but should not be 
accepted as the final authority in determining 
whether a heart is enlarged or not. 

(lagree fully with the remarks presented by Dr. 
Comeau in the discussion above. Paul D. White.) 
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A RADIOGRAPHIC DEMONSTRATION OF THE CIR- 
CULATION THROUGH THE HEART IN THE 
ADULT AND IN THE FOETUS, AND THE 
IDENTIFICATION OF THE 
DUCTUS ARTERIOSUS* 


By A. E. BARCLAY, D.M., M.R.C.P., F.F.R.,f SIR JOSEPH BARCROFT, C.B.E., F.R.S.,{ 
D. H. BARRON, M.A., Px.D.,§ and K. J. FRANKLIN, D.M., M.R.C.P.4 


From the Nuffield Institute for Medical Research 
OXFORD, ENGLAND 


HE application of radiology to the 
study of the circulation has recently 


been made possible by the advance of 


X-ray cinematography combined with in- 
travascular injection of radio-opaque sub- 
stances. In this paper an account is given 
of the results of some of the radiological 
experiments we have undertaken, which 
demonstrate the circulation through the 
heart and great vessels adjoining it, both in 
the adult|| and in the foetus. The transitional 
stage between the foetal and adult types of 
circulation is also demonstrated, and the 
identification of the ductus arteriosus, as it 
appears in the films, is discussed in con- 
siderable detail. The main object of our 
experiments was a study of the ductus 
arteriosus, but in the course of our research 
we also obtained a demonstration of the 
circulation, and it is with this aspect of our 
work that we are more specially concerned 
in this paper. Films showing the adult cir- 
culation have already been made by others 
(e.g., Janker, Bohme), but so far as we 
know this is the first radiological demon- 
stration of the foetal circulation. 

For the study of the adult circulation, 
sheep, cats, and rabbits have been used, 
and for that of the foetal circulation and the 


As this paper is concerned with the circulatory apparatus al- 
one, we have extended the meaning of the term “‘adult’’ to con- 
note any animal in which both the ductus arteriosus and the 
foramen ovale have ceased to function as blood channels. The 
term has thus been applied to both new-born lambs and also, in 
its ordinary sense, to mature animals of various species. 


* Reprinted by permission from the British Yournal of Radiology, Sept., 1939, 72, $05-517. The cuts for the 


transitional stage the subjects have been 
sheep foetuses, varying from 100 to 146 
days in age (full term = 147 days), delivered 
by Cesarean section. In the study of the 
foetal circulation, although for technical 
reasons the foetus could not be actually 77 
utero during the period of recording, we 
have tried to preserve intra-uterine condi 

tions so far as possible, leaving the umbili 

cal cord attached to the placenta and cov 

ering the snout of the foetus with a rubber 
bag containing amniotic fluid, in order to 
prevent respiration. 

The operations involved in the experi 
ments were conducted under various forms 
of anesthesia. The minor procedure of 
opening the vein to be injected was carried 
out either under nembutal, in the case of 
cats, or under urethane, in the case of rab 
bits and adult sheep, while for the sheep 
foetuses a local anaesthetic (novocaine or 
borocaine) was used, supplementing in 
many instances the effect of urethane in 
jected into the mother prior to Cesarean 
section. The Caesarean sections were for the 
most part performed under a general an 
esthetic in the form of urethane, but lat- 
terly we have used both spinal and local 
anesthetics (duracaine and borocaine) with 
the object of obtaining more normal condi 
tions in the foetus than may be the case in a 
urethanised animal. 

' The opaque media used have been thoro 
trast, uroselectan B, and perabrodil, sub 


illustrations were 


also kindly loaned to the Journat by the publishers of the British Journal of Radiology. 


+ Nuffield Institute for Medical Research, Oxford. 
t Physiological Laboratory, Cambridge. 
§ School of Anatomy, Cambridge. 
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stances which mix freely with the blood 
stream, and lipiodol, an iodised oil, which 
is carried along in the blood as individual 
drops. We will refer later to the results ob- 
tained with this last substance. All the 
media were injected at approximately body 
temperature. Thorotrast, even in large 
quantities, did not appear to affect the ani- 
mals, but its complete elimination from the 
blood by the reticulo-endothelium of the 
liver and spleen is relatively slow. Hence, 
for the repeated injections employed in 
some of our experiments, this substance 
was not suitable owing to the persistence 
of the shadow in the blood stream. Uro- 
selectan B is rapidly eliminated by the 
urinary tract, but did not seem to be well 
tolerated by the foetus in the doses that we 
had to use. Perabrodil in a S0 per cent 
solution was also followed by symptoms, 
but the same medium in 35 per 
strength appeared to be well tolerated. 

The sites of injection have been the ex- 
ternal jugular and femoral veins of the 
adult, and the external jugular and umbili- 
cal veins—and in two cases the femoral 


cent 


artery—of the foetus. 
Two methods of recording have been 
used: (1) direct X-ray cinematography, 


i.e., taking ordinary radiographs at a speed 
of 3-4 per second on long bands of X-ray 
film, 5 inches wide, each picture being § 
inches square;* (2) indirect X-ray cinema- 
tography, 7.e., photographing the image on 
the fluorescent screen with a 16 mm. cine 
camera at a speed of 25 pictures per second. f 
The latter method is specially useful in 
illustrating the passage of individual drops 
of lipiodol within the blood stream, but the 
direct method gives far more detail and, 
hence, greater value from the point of view 
of analysis. The illustrations in this paper 
are all taken from films produced by the 
direct method; the diagrams, on the other 


* The apparatus for this technique was built by the Cambridge 
Instrument Company for one of us (A.E.B.) with the assistance 
of a grant from the Medical Research Council, and was briefly 
lescribed in Brit. ¥. Radtol., N.S. viii, 682, 1935 

T Two sets of ipparatus were used for this method, one de 
signed by Dr. Russell Reynolds and the other of home construc 
tion, which was more convenient for the foetal work 
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hand, were constructed from tracings of 
films produced by both methods. 
ADULT CIRCULATION 

In the adult, all venous blood entering 
the heart, whether from the superior or 
from the inferior vena cava, passes through 
the right auricle and the right ventricle, 
leaves the heart by the pulmonary valve 
and flows along the pulmonary arteries to 
the lungs (Figs. 14 and 1c; Diagrams A and 
B, p. 687). The return flow of oxygenated 
blood passes from the lungs along the pul- 
monary veins to the left auricle, through 
the left ventricle to the aortic valve, and so 
out from the heart into the aorta (Figs. 1B 
and 1p; Diagram C, p. 687). (It will be 
noted in the diagram that only one vessel, 
the brachio-cephalic artery, is shown 
branching from the aorta towards the up- 
per segment. In the cat there are generally 
two vessels, the innominate and left sub- 
clavian arteries, but in the sheep one ap- 
pears to be the rule.) 


FETAL CIRCULATION 


Bearing in mind the course of the circu- 
lation through the heart of the adult, we 
turn now to the circulation in the foetus. In 
order to meet the very different require- 
ments of the foetal circulation, two by- 
passes are provided for shortcircuiting the 
pulmonary system: (1) the ductus arterio- 
sus, and (2) the foramen ovale. As will be 
shown later, the purpose of the ductus 
arteriosus is to enable venous blood enter- 
ing the heart from the superior vena cava 
to pass directly to the descending aorta 
(and thence to the placenta) without tra- 
versing the lungs, while the object of the 
foramen ovale is to allow re-oxygenated 
blood from the placenta to pass from the 
right auricle to the left side of the heart and 
thus directly to the aorta and the branches 
which spring from the arch. 

Flow from Superior Vena Cava. Venous 
blood entering the heart from the superior 
vena cava passes through the right auricle 
and right ventricle to the pulmonary valve 
and trunk, where the stream divides, one 
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Fic. 1a. (Adult cat.) Injection passing down the 
superior vena cava, through the right side of the 
heart, to the pulmonary arteries. 


portion passing through the ductus arter- 
iosus (the identification of which is dis- 
cussed in some detail below) to the descend- 
ing aorta and the remainder passing 
through the pulmonary arteries to the 
lungs (Fig. 24; Diagram D, p. 687). In due 
course, the return flow from the lungs is 


Fic. 1B. 3 seconds after a, the contrast medium re- 
turns from the lungs, by the pulmonary veins, to 
the left side of the heart, and passes into the aorta 
and its branches. 


Fic. 1c. (Adult cat.) Injection passing up the inferior 
vena cava, through the right side of the heart, to 
the pulmonary arteries. 


seen passing along the pulmonary veins to 
the left auricle and left ventricle, and 
thence through the aortic valve to the 
aorta and brachio-cephalic artery (Fig. 2B; 
Diagram E, p. 687), taking the same course 
as the return flow from the lungs in the 
adult (Diagram C). Diagram F, p. 687, 
(constructed by superimposition of Dia 
grams D and E) shows the relation of the 
ductus arteriosus to the other vessels. 


Fic. 1p. 4} seconds after c, the injection has returned 
from the lungs and is passing through the left side 
of the heart to the aorta and its branches. 
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The Ductus Arteriosus. In a paper in this 
Journal (Brit. 7. Radtol., N.S. xi, §70, 1938) 
we identified the ductus arteriosus in the 
new-born lamb as a vessel of fine calibre, 
the shadow of which apparently formed a 
junction between that of the pulmonary 
arterial system and that of the aorta. Since 
that time, and owing to considerable im- 
provements in technique, we have found 
that we were wrong. The shadow which 
we then deseribed as that of the ductus is 
really that of a branch of one of the pul- 


Fic. 24. (Sheep foetus.) Injection passing down the 
supericr vena cava, through the right side of the 
heart to the pulmonary trunk, and thence to the 
pulmonary arteries and (via the ductus arteriosus) 
to the descending aorta. Note the conus arteriosus 
and pulmonary valve. 


monary arteries. Thesa¢ttial shadow of the 
ductus is quite other. In order to rectify 
this mistakeyweunust discuss in some detail 
the identification of the ductus, which, as 
will be shown, is a vessel of considerable 
size, approximating to that of the aorta it- 
self. 

In any radiograph in which the vessels in 
the vicinity of the heart are all filled with 
an opaque material, such as thorotrast, the 
ductus is almost entirely merged in a com- 
plex shadow derived from the following 
structures: the superior vena cava, the 
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Fic. 2B. 34 seconds later, the contrast medium is seen 
returning from the lungs, by the pulmonary veins, 
to the left side of the heart (the ventricle is incom- 
pletely filled) and passing to the aorta and brachio- 
cephalic artery. 

right auricle, the pulmonary trunk, the 

ductus arteriosus, the aortic arch, the root 

of the brachio-cephalic artery, and possibly 
that of the pulmonary arteries. This com- 
plex shadow is seen framed in a rectangle in 

Fig. 3, and it will be realised that it is 


Fic. 3. (Sheep foetus.) In this radiograph the vessels 
in the vicinity of the heart are all filled with con- 
trast medium. The area framed in a rectangle shows 
the complex shadow in which the ductus arteriosus 
is concealed. 
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Fic. 4a. (Sheep foetus.) Injection passing down the 
superior vena cava, through the right side of the 
heart to the pulmonary trunk, and thence to the 
pulmonary arteries and (via the ductus arteriosus) 
to the descending aorta. The contrast medium has 
not yet reached the left side of the heart. 


impossible to single out the ductus in this 
picture. Some special technique is required 
for locating the exact site of the vessel and 
for visualising it without the complication 
of superimposed shadows. For this purpose 
we have used ‘three’types of experiment: 


i+ 


Fic. 48. Radiograph of the same animal as that shown 
in 4A, taken after the thorax had been opened and 
a piece of wire sewn on to the ductus arteriosus. 
The contrast medium injected previously has not 
yet been entirely eliminated from the blood, and 
still faintly outlines the vessels. 


Fic. 4c. Radiograph taken 3 seconds after 48, show 
ing an injection similar to that shown in 4a, with 
the piece of wire in position on the ductus. 


(1) Making an injection after having 
labelled the ductus by sewing on to it a 
piece of wire. 

2) Injecting a small quantity of con 
trast medium fairly rapidly, so that this 
passes through the cardio-vascular system 


vel 


Fic. 4p. 4 seconds later, the injection shown in 4¢ 
is seen to have passed on from the right heart and 
to be returning from the lungs, along the pulmon 
ary veins, to the left side of the heart, passing 
thence through the aortic valve to the aorta and 
brachio-cephalic artery. (Cf. the curve of the aortic 
arch with that composed of the pulmonary trunk, 
ductus, and descending aorta, shown in 4c. 
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en masse, showing the various vessels and 
chambers of the heart in succession. 

(3) Making a retrograde injection, which 
passes from the femoral artery up the aorta. 

We will discuss the results of these ex- 
periments in order. 

(1) After a preliminary injection of 
thorotrast had been recorded in its passage 
through the heart from the superior vena 
cava (Fig. 4a), the thorax was quickly 
opened on the left side and a piece of wire 
of the same length as the ductus was sewn 
on to this vessel along the side facing the 
aperture in the thorax. The thorax was then 
closed and Fig. 48 shows the wire in posi- 
tion. It will be seen that the thorotrast 
previously injected has not yet been en- 
tirely eliminated and still faintly outlines 
the vessels. A second injection was then 
made (Fig. 4c). It will be seen that the wire 
is almost lost in the general shadow and 
that it lies at right angles to the superior 
vena cava. (It is of interest to note that the 
opening of the thorax has not seriously dis- 
turbed the anatomical picture (cf. Fig. 44). 
Throughout the experiment the umbilical 
cord was intact and a nose bag in position, 
so that the lungs were not expanded.) In 
Fig. 4p, four seconds later, the thorotrast 
has been completely cleared from the right 
heart and the ductus, and is seen returning 
from the lungs by the pulmonary veins to 
the left heart and passing to the aorta and 
brachio-cephalic artery. The relation of the 
wire on the ductus to the aortic arch is well 
seen. 

(2) What has already been said indicates 
the possibility of seeing the ductus uncom- 
plicated by the shadow of other vessels if, 
after an injection via the superior vena 
cava, a radiograph is taken at the moment 
when the contrast medium has just passed 
on from the superior vena cava, leaving 
this vessel empty, and is filling the right 
heart and vessels leading from it, but has 
not yet reached any of the vessels con- 
nected with the left side of the heart. Such 
a moment is illustrated in Fig. 5. The 
course of the ductus, as it branches from 
the pulmonary trunk, is well seen, but its 
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Fic. 5. (Sheep foetus.) Radiograph showing the rela- 
tion of the ductus arteriosus to the pulmonary 
trunk, the pulmonary arteries and the descending 
aorta. The contrast medium, which has entered the 
heart from the superior vena cava, has just been 
cleared from this vessel, and it has not yet reached 
any of those directly connected with the left side of 
the heart, with the result that much of the shadow 
which generally confuses the picture of the ductus 
is absent. The site of origin of the ductus in the 
pulmonary trunk cannot be accurately determined 
here, but the approximate position of its anasto- 
mosis with the aorta is indicated by the slight 
break in the natural curve of that vessel. 


exact point of origin and its anastomosis 
with the aorta cannot be accurately deter- 
mined. The slight break in the natural 
curve of the aorta shows the approximate 
site of the anastomosis. In many of our 
records, however, the site of origin of the 
ductus and its entry into the aorta can be 
determined with considerable accuracy by 
superimposition of tracings of the different 
vessels taken from radiographs in which the 
right and left sides of the heart are shown 
in succession. Diagram F, p. 687, has been 
constructed in this way. There is a slight 
variation in the length of the ductus in dif- 
ferent animals, and also in its point of entry 
into the aorta—hence the little differences 
that may be noted in the diagrams and in 
the radiographs in which the ductus 1s 
shown. 
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Fic. 6a. (Sheep foetus.) Retrograde injection passing 
up the aorta, round the arch to the aortic valve and 
up the brachio-cephalic artery. Note (just below 
the aortic arch) the contrast medium trying to 
make its way through the ductus 


3) Any ambiguity as to the exact site of 


the ductus and the relation of its shadow to 
those of the aorta and pulmonary trunk 
has, however, been removed by an experi- 


Fic. 6B. 44 seconds later, the injection has passed 
considerably farther up the brachio-cephalic artery 
and the arteries branching from it, while one of the 
coronary arteries is also filled. The contrast me- 
dium has passed rather farther along the ductus 
than in 6a. 


e 9} 


Fic. 6c. 3} seconds after 6B, the injection has now 
passed right through the ductus, almost to the pul 
monary valve, and has been turned back to pass 
down the pulmonary artery. Note the aortic valve 
and the coronary artery. 


ment in which an injection of thorotrast 
vas made into the femoral artery in the 
direction of the heart. The foetus, a young 
animal of approximately 100 days, was for 


& 


Fic. 6p. 44 seconds after 6c, a feeble pulsation of the 
left heart has momentarily cleared the ascending 
aorta and partially cleared the arch and brachio- 
cephalic artery, thus leaving a well-defined picture 
of the ductus uniting the pulmonary trunk and de 
scending aorta. 


4 
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various reasons in a moribund condition, its 
heart beating only feebly and from time to 
time. The umbilical cord had been divided 
and the nose bag removed. The pressure of 
the injection was greater than that of the 
heart beat, and consequently the thorotrast 
ascended the aorta and was only prevented 
from entering the heart by the aortic valve. 
In Fig. 6a the thorotrast is seen to have 
passed up the aorta, round the arch to the 
aortic valve, while a small quantity is seen 
pushing its way up the brachio-cephalic 
artery. Just below the aortic arch the con- 
trast medium Is seen trying to make its way 
through the ductus, but passing only a very 
little way into this vessel. In Fig. 6B the 
shadow in the brachio-cephalic artery is 
more clearly marked, and one of the coron- 
ary arteries, springing from a sinus of Val- 
salva, is excellently shown. The thorotrast 
has pushed its way through the ductus 
across the arch of the aorta rather farther 
than in Fig. 6a, and in Fig. 6c it has made 
its way right through this vessel to the pul- 
monary trunk and has been turned back 
just before reaching the pulmonary valve 
and passed down one of the pulmonary 


Kic. 7a. (New-born lamb.) Radiograph showing the 
pulmonary trunk and arteries. Note the pointed 
stub springing from the pulmonary trunk at the 
site of the ductus. The vessel is functionally closed, 


and allows no blood to pass to the descending aorta. 
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Fic.7B. 13 seconds later, the right heart is empty, and 
the contrast medium is seen returning from the 
lungs by the pulmonary veins to the left side of the 
heart, and passing out to the aorta and brachio- 
cephalic artery. There is no indication of any back- 
flow from the aorta through the ductus to the pul- 
monary trunk, 


arteries. In Fig. 6p a feeble pulsation of the 
left heart has momentarily cleared the 
thorotrast from the ascending aorta, and 
almost cleared it from the arch and the 
brachio-cephalic artery, with the result 
that we have a picture of the ductus, unit- 
ing the pulmonary trunk and the descend- 
ing aorta, virtually uncomplicated by 
superimposed shadows. 

In addition to the above methods which 
afford an anatomical identification of the 
ductus arteriosus, the patency or closed 
state of the vessel can be determined by a 


functional test, by observing the course 


taken by the blood. Since the ductus enters 
the aorta at a point distal to the origin of 
the brachio-cephalic artery (see Diagram F, 
p. 687) a shadow seen in the descending 
aorta, without a corresponding shadow 
being visible in the brachio-cephalic artery, 
indicates the stream has passed to the aorta 
through the ductus from the right side of 
the heart. Had it come through the aortic 
valve from the left side of the heart, the 
brachio-cephalic artery would also be seen. 

Flow from the Superior Vena Cava. In the 
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Fic. 8a. (Sheep foetus.) Radiograph showing an in- 
jection passing up the inferior vena cava to the 
right auricle. The greater part of the contrast 
medium passes through the foramen ovale to the 
left side of the heart, and thence to the aorta and 
brachio-cephalic artery. A small quantity, how- 
ever, is also seen in the right side of the heart, the 
pulmonary trunk, and the ductus. 


records of all our injections entering the 
heart via the superior vena cava, there has 
been no instance of any shadow being vis- 
ible in the brachio-cephalic artery until 
after the opaque blood had returned to the 
left side of the heart from the lungs or other 
sources. It appears that none of the blood 
from the superior vena cava passes through 
the foramen ovale, but that the whole flow 
from this source passes through the right 
side of the heart only. Hence, a shadow ap- 
pearing in the descending aorta immedi- 
ately after injection of opaque medium via 
the superior vena cava indicates that the 
ductus arteriosus is patent. When the duc- 
tus is closed, so far as our experiments 
show, the whole flow from the superior vena 
cava passes through the pulmonary arteries 
to the lungs, as in the case of the adult 
(Diagram A, p. 687). 

Closure of the Ductus Arteriosus. Accord- 
ing to our records, the ductus closes func- 
tionally shortly after delivery (within 5 
minutes in one experiment), and in a num- 
ber of our radiographs we find a stub pro- 
jecting from the pulmonary trunk at the 
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site of the ductus (Fig. 74). This appears to 
be the blind end of the functionally closed 
vessel. In Fig. 7B (about two seconds later) 
which shows the return flow from the lungs 
to the left heart and the filling of the aorta 
and brachio-cephalic artery, it will be noted 
that the whole of the right side of the heart 
is clear and that the stub of the ductus can 
no longer be seen, 7.¢., there is no suggestion 
that any of the aortic flow is passing back 
into the ductus. A more detailed account of 
our findings on this and other points will be 
published at a later date. 

Flow from the Inferior Vena Cava (Um 
bilical Vein). In the foetus, the inferior 
caval flow is composed of oxygenated blood 
returning to the heart from the placenta v/a 
the umbilical vein, and venous blood from 
the lower segment. We have not as yet 
traced the course taken by this venous 
blood, our experiments having been con 
fined to the demonstration of the flow from 
the umbilical vein. The main portion of this 
stream, after entering the right auricle, 
passes through the foramen ovale (the ex 
act site of which we have not yet identified 
on the films) to the left auricle and left ven 
tricle, and is seen immediately leaving the 


Fic. 88. This radiograph, taken 1 second later, shows 
more clearly the main portion of the flow from the 
inferior vena cava passing through the left side of 
the heart to the aorta and brachio-cephalic artery, 
and the small quantity passing through the right 


side of the heart to the pulmonary arteries. 
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passes through the left heart 
to the aorta and brachio- 
cephalic artery 


FLOW FROM UMBILICAL VEIN 


After closure of the foramen 
| A small quantity passes through ovale the 
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Tracings from indirect X-ray cine films (16 mm.) showing the different 
courses taken by globules of Lipiodol, injected via the external jugular 
and umbilical or femoral veins, in the foetus and in the adult (sheep). 


Course of flow from the S.V.C. 


(Injection via external jugular vein) 
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heart by the aortic valve and flowing along 
the aorta and brachio-cephalic artery (Fig. 
8a; Diagram G, p. 687). In addition, how- 
ever, a certain quantity is detached from 
the main stream in the right auricle and is 
carried through the right atrio-ventricular 
(tricuspid) valve to the right ventricle and 
pulmonary trunk (Figs. 8a and 88; Dia- 
gram H, p. 687). Hence, we see a relatively 
faint shadow in the right side of the heart 
and pulmonary arteries, 7.¢e., the flow is 
comparatively small in relation to the main 
stream through the left side of the heart 
and aortic valve. When the foramen ovale 
closes, the whole of the flow that enters the 
heart from the inferior vena cava is taken 
through the right side of the heart to the 
pulmonary trunk, passing thence through 
the pulmonary arteries to the lungs, and 
so long as it is patent—through the ductus 
arteriosus to the descending aorta (Dia- 
gram I), giving the same picture as that of 
the flow from the superior vena cava seen 
in Diagram D. When the ductus also closes, 
the whole flow passes to the pulmonary 
arteries and adult circulation is established 
Diagram B). See p. 687. 

It will be seen, therefore, that just as the 
presence of a shadow in the descending 
aorta, immediately after an opaque me- 
dium has entered the heart from the supe- 
rior vena cava, indicates the patency of the 
ductus arteriosus (as explained above), so 
also the presence of a shadow in the bra- 
chio-cephalic artery, immediately after con- 
trast material has entered the heart from 
the inferior vena cava, indicates the pa- 
tency of the foramen ovale. 

Injections of Lipiodol. Vhe use of lipiodol 
as a contrast medium gives rise to possible 
fallacies in the interpretation of the normal 
blood flow. The individual drops of this 
substance tend to adhere to the walls of the 
vessels. Moreover, they cannot pass the 
capillaries, except in extremely fine division 
as in B6hme’s films), and consequently the 
arterial vessels—particularly the pulmon- 
ary arteries—become obstructed, so that it 
is only in the initial period that these drops 


Radiographic Demonstration of the Circulation through the Heart 689 


are likely to give a relatively true repre- 
sentation of the flow. 

Injections of lipiodol (emulsified in a mor- 
tar with about one quarter of its volume 
of normal saline) have been recorded chiefly 
by the indirect method of X-ray cinemato- 
graphy at a speed of 25 pictures per second. 
The course of the globules through the 
heart and vessels can be watched on the 
screen, but their passage is too rapid for 
accurate observation even at the slowest 
rate of projection. For our analysis, there- 
fore, we have projected the individual 
frames of these films and traced the prog- 
ress of the globules frame by frame. It is in 
this way that Diagrams J—N, p. 688, have 
been constructed. As already indicated, a 
true representation of the natural flow can 
be relied upon only before the peripheral 
circulation has been obstructed. In order to 
avoid possible fallacies, therefore, the trac- 
ings from which the diagrams were made 
illustrate the course taken by the earlier 
drops of the injections. 

It will be seen from the diagrams that the 
course of the flow from both the superior 
and the inferior vena cava demonstrated by 
the use of this substance entirely confirms 
the results of the analysis of films of injec- 
tions of thorotrast and similar media re- 
corded by the direct method. 

One small point that is not indicated in 
the Diagram should be mentioned, #.¢., we 
found that in the early stages of the record 
there was one single globule which passed 
through the right side of the heart to the 
pulmonary arteries, thus confirming the 
subsidiary flow from the inferior vena cava 
illustrated in Figs. 8a and 8B; Diagram H, 
p. 637. 


SUMMARY 


The circulation of the blood through the 
heart of the adult and the foetus is demon- 
strated by the analysis of X-ray cinemato- 
graphic films recording the passage of in- 
jections of radio-opaque media. 

In the adult, the blood from both venz 
carve is seen to pass through the right side 
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of the heart and the pulmonary arteries to 
the lungs. On returning from the lungs 
the flow is seen to pass through the left 
side of the heart into the systemic circula- 
tion. 

In the foetus, the whole of the superior 
caval blood is seen to pass into the right 
ventricle and out through the pulmonary 
valve into the pulmonary trunk; from this 
vessel it passes on the one hand into the 
pulmonary arteries and, on the other, vza 
the ductus arteriosus, into the descending 
aorta. As the brachio-cephalic artery leaves 
the aorta proximal to the entry of the duc- 
tus arteriosus, the superior caval blood does 
not pass to the coronary system, the head 
and fore-limbs. The inferior caval blood has 
a double course through the heart. The 
main part goes through the foramen ovale 
to the left auricle and ventricle, and passes 
out into the aorta and coronary and bra- 
chio-cephalic arteries. Hence, the heart and 
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brain are given preferential treatment with 
respect to the supply of oxygenated blood 
coming from the placenta. On the other 
hand, a minor part of the inferior caval 
blood passes with the superior caval flow 
into the right ventricle and out into the pul 
monary arteries and, va the ductus arteri 
osus, into the descending aorta. 
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EXPERIENCES WITH ENCEPHALOGRA PHY 
IN CEREBELLAR TUMOR 


By W. 


JAMES GARDNER, M.D., and WILLIAM A. 


NOSIK, M.D. 


Clex eland Clinic 


CLEVELAND, OHIO 


HE purpose of this paper is not to en- 

courage the use of encephalography in 
the diagnosis of tumors of the posterior 
fossa but merely to describe our experience 
with spinal air insufHation in these cases. 
Most authorities do not favor the spinal 
injection of air in the study of brain tumor 
suspects, except perhaps in cases of supra- 
tentorial lesions with a spinal pressure of 
200 mm. of water or less. Its usage in le- 
sions of the posterior fossa is universally 
and emphatically condemned. In posterior 
fossa tumors, sudden death from cerebellar 
hernia has been described after a diagnostic 
lumbar puncture, making encephalography 
seem doubly hazardous. Some authors be- 
lieve that encephalography has no place in 


the diagnosis of any brain tumor because of 


danger to the patient, and because the dis- 
tortion of the ventricles produced by a tu- 
mor may prevent the air from entering 
them. We feel that the simplicity of en- 
cephalography, as compared with ven- 
triculography, and the more complete 
delineation of intracranial structures in the 
successful encephalogram are potent argu- 
ments for its use in suspected supratentor- 
ial lesions. 

The neurosurgical service of the Cleve- 
land Clinic has used encephalography in 
patients with suspected cerebral tumor al- 
most regardless of the degree of intracranial 
pressure. In cases with increased pressure, 
the patient and the operating 
room are always prepared for craniotomy 
before proceeding with encephalography. 
Ventriculography is preferred where the 


however, 


clinical signs favor a posterior fossa tumor. 
Nev ertheless, a survey of the files discloses 
that encephalography inadvertently 
employ ed in 24 subsequently verified cere- 
bellar cases during the past ten years. In 
the majority of these 


Was 


cases, of course, the 


air failed to enter the ventricles but our 
experience now enables us to make an ac- 
curate diagnosis from the distribution of 
the subarachnoid air. 


METHOD 


The procedure of encephalography is as 
follows: If the patient has an increased in- 
tracranial pressure, preparations are made 
for immediate craniotomy. If the pressure 
is very high, 100 cc. of $0 per cent sucrose is 
given intravenously. The patient is then 
anesthetized, usually with avertin, and 
placed in the encephalogram chair. A lum- 
bar puncture is performed and the needle 
is connected to a water manometer and toa 


10 cc. syringe. After recording the initial 
pressure, 10 cc. of air is injected, after 
which the fluid is withdrawn in § cc. 


amounts and substituted with air in similar 
amounts until no more fluid can be ob- 
tained. Roentgenograms are made in the 
erect posture, and also in the horizontal 
posture if deemed advisable. The exposures 
are made, the films developed and read on 
the operating floor. 

A single lateral film of each case taken in 
the erect position is reproduced in order to 
illustrate the striking similarity of most of 
them (Figs. I to §). 


ENCEPHALOGRAPHIC FINDINGS 


The most common and striking en- 
cephalographic finding in these cases is the 
presence of air over the mesial surfaces of 
the cerebral hemispheres outlining the su- 
pracallosal and cingulate sulci. Of the 24 

one or both of these sulci are a 
visualized ‘ 20 instances. The supracallo- 
sal sulcus is more rounded and closer to the 
cranial vault than in the normal picture. 
This is due to the upward bulging of the 
corpus callosum from the obstructive hy- 
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Fic. 1. 

Case 1. Arachnoid cyst of left cerebellopontine angle 

Case 2. Cystic hemangioblastoma left cerebellum. 

Case 3. Cystic hemangioblastoma left cerebellum. 

Case 4. Medulloblastoma of vermis. This patient had bilateral subdural hematomas evacuat: 
admission. 

Case 5. Medulloblastoma of fourth ventricle. 

Case 6. Astroblastoma left cerebellum. 
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Fic. 2. 
Case 7. Medulloblastoma of vermis. 
Case 8. Medulloblastoma of vermis. The cisterna magna is largely obliterated by a cerebellar hernia. 
Case 9. Metastatic carcinoma left cerebellum. 
Case 10. Medulloblastoma of fourth ventricle. 
Case 11. Neurofibroma of left eighth nerve. 
Case 12. Stricture of aqueduct of Sylvius. 
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Fic. 3. 
Case 13. Cystic astrocytoma left cerebellum. 
Case 14. Cystic hemangioblastoma left cerebellum. 
Case 15. Metastatic carcinoma. The exaggerated diploic channels partially obscure the subarachnoid air. 
Case 16. Cystic hemangioblastoma left cerebellum. 
Case 17. Meningioma left cerebellum. 
Case 18. Stricture of aqueduct of Sylvius. 
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hic. 4 
Case 19. Cystic astrocytoma left cerebellum. 
Case 20. Stricture of aqueduct of Sylvius. 
Case 21. Medulloblastoma of fourth ventricle. 
Case 22. Neurofibroma of left eighth nerve. 
Case 23. Arachnoid cysts, bilateral. 
Case 24. Cystic astrocytoma right cerebellum. 
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Fic. 5. Anteroposterior view of Case 1. showing su- 
pracallosal air in the midline. 


drocephalus beneath it. It is not clear why 
the subarachnoid air should so selectively 
seek out the mesial surfaces rather than the 
convexities of the cerebral hemispheres. 

The second most common finding is the 
presence of a cerebellar hernia. This is 
shown on the films by a filling defect in the 
triangular portion of the cisterna magna 
which lies just below the foramen magnum. 
In the accompanying illustrations, this is 
best shown in Case 8. The original films 
showed a cerebellar hernia in 17 instances. 
It was doubtlessly present in additional 
cases but was not visualized because of 
overexposure of that portion of the film or 
because of interference of the 
process. 

In practically all cases the pontine cis- 
terns are flatter than normal as indicated 
by the proximity of the pons to the clivus. 
This picture is produced by the crowding of 
the structures in the posterior fossa by the 
expanding growth. This finding has been 
described by Dyke and Davidoff! 

Air entered the ventricles in only 4 cases. 
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In 2 of these (Cases 19 and 20), there was a 
small amount in the lateral ventricles, and 
in 2 cases (Cases 21 and 22) the lateral and 
third ventricles were well outlined and pre- 
sented the usual picture of obstructive 
hydrocephalus. In no instance could the 
fourth ventricle be identified definitely. In 
2 cases (Cases 23 and 24) no air could be 
demonstrated within the cranial cavity. In 
3 cases (Cases 16, 17 and 18) a curious ap- 
pearance was produced by an extraventric 
ular collection of air beneath the corpus cal 
losum and just in front of the posterior genu. 

The films gave no indication of the exact 
location of the lesion in the posterior fossae 
and no hint as to its possible anatomic 
structure. 

SUMMARY OF CASES 


The pre-encephalogram diagnoses in 
these 24 cases were as follows: 
Cases 
Brain tumor—unlocalized I 
Brain tumor—possibly cerebellar I 
Probable cerebellar tumor 4 


Encephalography was performed in the 4 
cases in which the clinical diagnosis was 
“probable cerebellar tumor’’ because there 
was no choking of the optic discs. 

The final diagnoses in these 24 cases were 
as follows: 


Cases 
Medulloblastoma cerebelli 6 
Cystic hemangioblastoma 4 
Cystic astrocytoma 3 
Arachnoid cyst 2 
Acoustic nerve tumor 2 
Metastatic carcinoma 2 
Meningioma I 
Astroblastoma I 
Non-neoplastic stricture of aqueduct of 
Sylvius 3 
Total 24 


Of these 24 Cases the lesions were on the 
left side in 12 instances, in the midline in 9 
instances, and definitely limited to the right 
cerebellum in only 1 case. The occurrence of 
a number of midline lesions in this series is 

1 Dyke, C. G., and Davidoff, L. M. Significance of abnormally 
shaped subarachnoid cisterns as seen in the encephalogram; cor 


relation with clinical cases. AM. J. Roentrcenor. & Rap 
APY, 1934, 32s 743-759. 
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to be anticipated since they are notoriously 
silent as far as localizing signs are con- 
cerned and air studies are therefore fre- 
quently necessary. But of what significance 
is the preponderance of left sided lesions as 
compared to the right? Can it be that right 
cerebellar lesions are more readily diag- 
nosed clinically because the ataxia involves 
the dominant hand? 

One might well question why air studies 
were necessary in 2 cases of acoustic tumor 
since the clinical signs in these cases are 
usually so clear. The reasons are as follows: 
One of these patients at the time of her ad- 
mission was totally blind, psychotic, and 
uncooperative, and no relatives were avail- 
able for questioning. Therefore, a satisfac- 
tory neurologic study was impossible, and 
encephalography was resorted to. In the 
second case, a diagnosis of acoustic nerve 
tumor was strongly suspected, but the ves- 
tibular test showed a hyperactive labyrin- 
thine response on both sides, which cast 
considerable doubt upon the clinical diag- 
nosis. At operation there 
rather small acoustic nerve 
mounted by a large cyst. 


found a 
tumor sur- 


Was 


In this series of cases the youngest pa- 
tient was eleven and the oldest sixty-two 
years of age. Six patients were in the second 
decade of life, ¢ sin the third, 6 in the fourth, 
sin the fifth, 1 in the sixth, and 1 in the sev- 
enth. 

Sixteen of these patients presented a defi- 

nite choking of the optic discs; in 4 cases 
the optic discs were hazy, and in 4 others 
they were normal. A preliminary spinal 
puncture was performed in 22 of the 24 
cases. In 4 cases ene spinal fluid pressure 
was below 200 mm.; in 7 cases it was be- 
tween 200 and 290 fi mm.; in 7 cases it was 
between 300 and 390 mm.; and in 4 in- 
stances it was over 400 mm. of water. 

At encephalography all the fluid which 
could be obtained was removed. The aver- 
age volume of cerebrospinal fluid recovered 
in the 24 The largest 
amount removed in a single case was 19§ cc. 
and the lowest amount was 10 cc. This lat- 
ter patient had had a spinal puncture three 
days previously. 


Cases Was 73 eC. 


47, No. 5 Encephalography in Cerebellar Tumor 


697 


In 9 of the 24 cases the encephalogram 
was followed by a ventriculogram. In the 
remaining cases, a suboccipital craniotomy 
was performed on the basis of the clinical 
and encephalographic findings. A suboccip- 
ital craniotomy was performed the same 
day as the encephalogram in all but 2 of the 
24 cases. 


POSTOPERATIVE COURSE 


Only 3 of these patients showed any im- 
mediate deleterious effects from the en- 
cephalographic procedure. Case 7 was a 
young man eighteen years of age whose 
clinical diagnosis was a brain tumor, pos- 
sibly of the posterior fossa. His spinal fluid 
pressure was 400 mm. of water, and there 
were 4 diopters of edema of the optic discs. 
At encephalography 75 cc. of fluid was re- 
placed by 85 cc. of air. The resulting films 
showed good visualization of the supracal- 
losal and cingulate sulci, and a cerebellar 
hernia could be seen protruding into the 
cisterna magna. Following this procedure 
the patient developed respiratory embar- 
rassment which responded to a ventricular 
tap. A suboccipital craniotomy was per- 
formed and a diagnosis of medulloblastoma 
of the vermis made from the biopsy. This 
patient did not recover consciousness fol- 
lowing operation, although the respirations 
were satisfactory. The temperature in- 
creased rapidly to 104° F., and he died 
twenty-two hours after operation. Death in 
this case was attributed to encephalog- 
raphy. 

In Case 8 the clinical diagnosis w 
bellar tumor. 


was cere- 
Although the spinal fluid 
pressure in the horizontal position was 300 
mm. of water, the optic discs were normal. 
At encephalography the spinal pressure 
was low and only 10 cc. of fluid could be 
recovered. This was replaced by 60 cc. of 
air. The resulting films showed good visual- 
ization of the supracallosal and cingulate 
sulci with the presence of a cerebellar her- 
nia. Following this procedure the patient’s 
pulse became irregular, the face became 
pallid and sweaty, and the respirations 
shallow. At operation a medulloblastoma 
of the left cerebellar lobe was found and 
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this lobe was amputated. The patient’s 
convalescence from this procedure was sat- 
isfactory and he lived three years after 
operation. 

Case 23 was a man, aged thirty-seven, 
who had a diagnosis of an unlocalized brain 
tumor. The spinal fluid pressure was 310 
mm. of water. There were 4 diopters of 
choking of the optic discs. At encephalogra- 
phy 55 cc. of fluid was obtained and replaced 
by §§ cc. of air. The resulting films showed 
no air within the cranial cavity. During the 
procedure, which was carried out under lo- 
cal anesthesia, the patient had a gen- 
eralized clonic convulsion. He recovered 
satisfactorily from the convulsion and was 
prepared for a suboccipital craniotomy. 
During the administration of colonic ether 
anesthesia respiratory embarrassment de- 
veloped which responded satisfactorily to a 
ventricular tap. The operation was con- 
tinued and an arachnoid cyst of the poster- 
ior fossa was evacuated. His subsequent 
convalescence was satisfactory and he lived 
for one year after operation. 

Two patients who showed no immediate 
reaction to encephalography died following 
operation. Their cases were as follows: 

Case 6 was a boy seventeen years of age 
who had a clinical diagnosis of a left cere- 
bellar tumor. His spinal fluid pressure was 
210 mm. of water. The ophthalmoscope re- 
vealed some fullness of the retinal veins 
without edema of the discs. At encephalog- 
raphy 58 cc. of fluid was replaced by 75 cc. 
of air. The encephalogram showed good 
visualization of the supracallosal and cingu- 
late sulci with no air in the ventricular 
system. Since these films confirmed the 
clinical diagnosis, a suboccipital craniot- 
omy was performed and a tumor of the left 
cerebellar lobe disclosed. Biopsy of this tu- 
mor showed it to be an astroblastoma. This 
patient’s convalescence was satisfactory for 
four days, after which time he developed a 
hyperthermia which could not be controlled. 
He died on the twelfth postoperative day. 
We do not believe that his death was at- 
tributable to encephalography. 

Case 12 was a young woman, aged nine- 
teen, who had a clinical diagnosis of a prob- 
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able suprasellar cyst. The spinal fluid 
pressure was 260 mm. of water. The optic 
discs showed papilledema with secondary 
atrophy. At encephalography 70 cc. of fluid 
was removed and replaced by 60 ce. of air. 
The resulting film showed good visualiza 
tion of the supracallosal sulci, and some air 
in the cingulate sulci but none in the ven 
tricular system. This patient showed no ill 
effects from pro 
cedure. She was not operated upon immedi 
ately. Two days after encephalography a 
ventriculogram was made which showed an 
enormous hydrocephalus due to an ob 
struction in the lower end of the aqueduct 
of Sylvius. A suboccipital craniotomy was 


the encephalographic 


performed eight days later and an attempt 
was made to catheterize the aqueduct of 
Sylvius. This attempt was not successful 
and the patient died twelve hours after op 
eration. We do not believe that her death 
was attributable to encephalography. 

The survival period of the 21 patients 
who were discharged from the hospital 
varied from two months to seven and a half 
vears. Nine of these patients are living at 
the time of this report. Therefore, it may be 
said that of 24 patients with obstructive 
hydrocephalus due to a lesion of the poster 
ior fossa, there was an unfavorable reaction 
to encephalography in 3 instances, leading 
to death in I case. 


SUMMARY 


Encephalography has inadvertently been 
performed in 24 cases of obstructive hydro 
cephalus due to posterior fossa_ lesions. 
Characteristically the films show absence of 
air in the ventricles, unusual prominence 
and curving of the supracallosal and cingu 
late sulci, flattening of the pontine cisterns, 
and the presence of a cerebellar hernia. The 
films do not serve to localize the lesion 
further than to indicate that it is in the 
posterior fossae. Of these 24 cases there 
were unfavorable reactions to encephalog 
raphy in three instances, leading to death in 
one case. Ventriculography is preferable to 
encephalography in the diagnosis of cere 
bellar tumor. 


a 
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THE ELECTROENCEPHALOGRAM AND PNEUMO.- 
ENCEPHALOGRAM IN NON-FOCAL 
NEUROLOGICAL DISORDERS*} 


By Ek. H. TROWBRIDGE, JR., M.D., and KNOX H. FINLEY, M.D. 


BOSTON, MASSACHUSETTS 


N THE study of cases of brain tumor and 

other focal brain diseases, the value of 
the electroencephalogram and the pneumo- 
encephalogram is sufficiently familiar. In 
other cases of brain disease, even where 
there is no symptom of a focal lesion, the 
electroencephalogram may also be of value. 
The interpretation of the various abnormal 
types of electroencephalogram is still a 
matter of active investigation. Pneumo- 
encephalography is also a method of recog- 
nized value in various forms of cerebral dis 
orders quite apart from those with proc- 
esses which involve either atrophy or dis 


Diagram illustrating the electrod 


recordings. a, with referen 


placement of the cerebrum. It seemed 
worth while to compare the results ob- 
tained by these two methods: to see how 
far the results of the two methods tended 
to supplement, confirm, or conflict with 
each other. 

The cases observ ed were patients where 
there was no suspicion of any focal struc 
tural disorder such as tumor, cyst, hemor 


rhage, or abscess. The one needle pneumo 


encephalographic technique by way of the 


€ placements of the two ty 


ear electroc 


pentothal sodium anesthesia. A six channel 
Grass electroencephalographic apparatus 
was used to record the brain wave patterns. 
The pneumoencephalograms were inter- 
preted by the consulting roentgenologists.f 

Records were taken from electrodes 
placed over the frontal, precentral, and 
parietal-occipital regions of each hemi- 
sphere, with the reference electrode on the 
mastoid. In several instances recordings 
were obtained from eight electrode place- 
ments over each hemisphere. The ages of 
patients ranged between nine and sixty-two 
years. In evaluating the electroencephalo- 


pes of six simultaneous 


le; 5, without reference ear electrode. 

graphic tracings, the age of the patient was 
taken into (Gibbs and 
Gibbs'). The electroencephalographit trac- 
ings on these patients were divided into 
three groups: normal, borderline, and ab- 
normal (Fig. 1 


consideration 


OBSERVATION AND DISCUSSION 


In 36 of the 68 cases studied, the pneu- 
moencephalogram was abnormal. Of these 


t We are ir ted to Dts. ¢ 1 Sosman for their inter- 
lumbar route was used under evipal or _ pretation of the | 
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Samples of normal, borderline, and abnormal patterns. The vertical ink line drawn through the tracing 


is equivalent to 50 microvolts while the horizontal line represents one second of recording. 


36 abnormal cases, 21 revealed cortical 
atrophy and 15 dilated ventricles. Ten of 
the latter also had some degree of cortical 
atrophy. The presence of abnormal pneu- 
moencephalograms seemed to have no di- 
rect correlation with the abnormality of the 
electroencephalographic tracing; for the 
group of abnormal pneumoencephalograms 
showed no greater frequency of abnormal- 
ity of electroencephalogram than the group 
with normal pneumoencephalograms. In no 
case with evidence by pneumoencephalo- 
gram of dilated ventricles was the electro- 
encephalographic tracing normal. The fact 
that borderline or abnormal electroen- 


cephalograms were always found in cases / 
of dilated ventricles even without cortical 
atrophy suggests that abnormalities in the 

basal structures of the cerebrum 
modify normal cortical activity. This 
was discussed by one of us in a recent stud) 
of electroencephalographic tracings in cases 
of neurosyphilis.? 

A more detailed analysis of the electro 
encephalogram revealed 23 patients with 
tracings showing slow activity 
17, Fig. 1), 12 with organized rapid activity 
(sample 12, Fig. 1), 12 with rapid and slow 


can 
point 


samples 13, 


TABLE | 


DIFFERENT FREQUENCY PATTERNS IN RELATION TO THE 


Electroencephalo- | Number of 


graphic Pattern Tracings ; 
Normal 
Slow 23 8 
Rapid 12 7 
Choppy 7 2 
Mixed 8 


te 


Wave and spike 


activity (sample 11, Fig. 1), and 2 with 
spike and wave activity (sample 18, Fig. 1 
ryPE OF PNEUMOENCEPHALOGRAMS 

Pneumoencephalograms 
4 Dilated Dilated Ventricles 
Ventricles and Atrophy 

2 

4 

3 | 

2 I 

I 
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17 . 
| 
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It will be seen from Table 1 that, out of 23 
cases showing slow activity, 7 had dilated 
ventricles, while out of 12 cases showing 
rapid activity only one showed dilated 
ventricles. Other than this one differential 
point, there was found no significant rela- 
tionship between the cycles frequency of 
the electroencephalographic and the pneu- 
moencephalographic findings. 

For the present, it would appear from 
these studies that neither the electro- 
encephalogram nor the pneumoencephalo- 
gram can be used as a substitute for the 
other (Fig. 2). Either procedure may give 
proof of a cerebral disorder without con- 
firmatory evidence from the other. When 


E.E.G. 


| | NORMAL 

BORDERLINE 
PER ABNORMAL 
CENT, 


| 
t 


PNEUMO- NORMAL ABNORMAL 
ENCEPH. 35 caSES 36 CASES 


Kic. 2. The percentage of normal, borderline, and 
abnormal electroencephalograms in cases with 
normal and abnormal pneumoencephalograms. 
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| | NORMAL 
VA BORDERLINE 
PER ABNORMAL 
CENT. 
60F 
Y 
30+ 
20Ff 
10 
Y 
| Y 
PNEUMO- NORMAL ATROPHY DILATED 
ENCEPH. 32 CASES 21 CASES VENT. 
15 CASES 


Fic. 3. The percentage of normal, borderline, and 
abnormal electroencephalograms in normal and 
different types of abnormal pneumoencephalo- 
grams. 


we come to understand the neurophysio- 
logical significance of the different types of 
electroencephalographic patterns, we may 
be ina position to predict certain findings 
in the pneumoencephalogram from electro- 
encephalographic tracings. The fact that in 
our own series we found no normal records 
in cases showing dilated ventricles and that 
rapid activity is uncommon in these cases 
is a step in this direction. 


SUMMARY 


1. A study was made of electroenceph- 
alographic tracings and pneumoencephalo- 
grams in 68 patients suspected of having a 
neurological disorder of the non-focal type. 

2. In these cases, abnormal electro- 
encephalographic tracings were about as 
frequent in cases with normal as those with 
abnormal pneumoencephalograms. 

3. Slow activity was common and rapid 
activity uncommon in cases showing di- 
ated ventricles. 

4. Normal electroencephalographic trac- 
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ings, although found in cases showing only 
cortical atrophy, were not found in cases 
with dilated ventricles even without corti- 
cal atrophy. 

5. The electroencephalogram should be 
looked upon as adjunct to and not a substi- 
tute for the pneumoencephalogram. 
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TUMORS OF THE ACOUSTIC NERVE 
FROM A ROENTGENOLOGICAL VIEWPOINT 
By CHARLES WADSWORTH SCHWARTZ, M.D. 


NEW YORK, NEW YORK 


UMORS of the nervus acusticus or 

eighth cranial nerve account for about 
8 to g per cent of all intracranial new 
growths. The lesion usually arises from the 
distal or shorter portion of the nerve which 
is the portion structurally similar to a 
peripheral nerve. The proximal or longer 
portion of the nerve is composed of neu- 
roglia and nervous tissue. These two por- 
tions differentiate at about the level of the 
internal acoustic meatus. Bailey points 
out that the neoplastic cells of which these 
tumors are composed resemble strongly the 
cells forming the neurilemma. He also sug- 
gests that the origin of the tumor or its 
‘“anlage’” may in some way be associated 
with the tendency to hypertrophy of the 
neurilemma, a change not infrequently 
found in and about the ganglion of the 
vestibular portion of the nerve. Mitotic 
figures are not commonly found in the cells 
comprising the acoustic nerve tumors. 

A proper term with which to designate 
these rather odd tumors is not easy to find. 
Mallory is of the opinion that they should 
be known as perineural fibroblastomata, 
and there is much to be said in favor of such 
a terminology from both a structural and 
an original point of view. Masson, however, 
feels that the tumors originate from the 
cells of Schwann and so should be desig- 
nated as schwannomata. But as the tend- 
ency today is to get away from the name of 
an individual, in medical terminology, this 
name has not found wide acceptance. 
Others have called them peripheral glio- 
mata, but as gliomata are supposed to arise 
from neuroglia such a name is rather con- 
tradictory. Fowler suggested the name neu- 
rilemmoma, and such a designation has 
accuracy to recommend it. Verocay coined 
the term neurinoma, and neuroma has also 
been suggested. Fowler feels that these lat- 
ter terms are misleading because they mean 


a nerve fiber tumor or nerve tissue tumor, 
and as the tumors contain no neurites these 
names are not truly descriptive. Such dis- 
cussions are chiefly of academic interest, 
but if we are going to give a tumor a de- 
scriptive name it really should be basically 
accurate. It would seem, then, that the 
term “‘neurilemmoma,” or the longer name 
‘“nerineural fibroblastoma,” are the two 
most accurately descriptive terms so far 
suggested. However, as many believe the 
tumors are basically of neurogenic origin, 
the names “neuroma” and “‘neurinoma” 
are In wide use. 

Tumors of the acoustic nerve, as a rule, 
develop in patients during their third dec- 
ade, although no age is immune. Such tu- 
mors are not apt to be found in persons 
beyond the age of fifty, and if one is found 
in a young person it is not infrequently as- 
sociated with neurofibromatosis. Most of 
the cases of bilateral acoustic nerve tumors 
have been reported as being associated with 
either a central or a generalized form of 
neurofibromatosis, and often a familial 
tendency toward the formation of such 
lesions can be demonstrated. Wishart was 
among the first, if not the first, to publish 
a description of bilateral tumors. His report 
appeared in 1822 and was quoted by Cush- 
ing in 1917. In 1897, Berggriin reported a 
case of bilateral tumors in an eleven year 
old child. It is always well to remember 
that neurofibromas, wherever they may be 
found, are not always as benign as we are 
accustomed to believe them to be. Cases 
have been reported of malignancy being 
associated with such tumors either through 
a degenerative metamorphosis of the lesion 
itself, or possibly by some obscure change 
being produced in the immediately ad- 
jacent tissues. 

Acoustic nerve tumors grow very slowly, 
in fact the symptoms may extend well over 
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ten years, and as the symptoms are rather 
insidious in their onset, the tumor may be 
present for some time before any evidence 
of its presence will be noticed. It is well 
known that in the presence of a small tumor 
there may be no symptomatology what- 
ever, so that we have no accurate method 
by which we can determine how long an 
acoustic tumor has been present before the 
patient seeks medical advice. 

The tumor is usually seen as a reddish 
yellow mass which is fairly well encapsu- 
lated, and situated immediately adjacent 
to the internal auditory meatus and the 
base of the skull. The tumors may contain 
regions of degeneration and consequent 
cysts. But it is rare, indeed, to find calcium 
in sufficient amount to cast a shadow on the 
film. Some tumors will simulate meningio- 
mas or astrocytomas. As previously noted, 
the tumor often arises within the auditory 
canal near the ganglion of the eighth nerve, 
so that it will actually be growing out of the 
auditory meatus and into the cerebellopon- 
tile angle. Thus it is that such a growth is 
often designated as a cerebellopontile angle 
tumor. This angle is formed by the petrous 
pyramid, the tentorium cerebelli, the cere- 
bellum and the brain stem. If the anatom- 
ical relations of this location can be clearly 
visualized, the symptoms produced by such 
a lesion which disturbs this relationship 
may be easily understood. 

Symptoms of an acoustic nerve tumor 
usually begin with tinnitis which gradually 
becomes worse, and the hearing will be- 
come impaired. Occasionally the symptoms 
will remain in this stage for long periods of 
time as the tumor may cease growing. In 
fact, cases have been reported which have 
had no loss of hearing. Later, if growth is 
resumed, the nerves which originate from 
the brain stem in the cerebellar fossa in the 
neighborhood of the pons and cerebellar 
peduncles will become involved due to di- 
rect compression. These nerves will be, 
excluding the eighth which is already in- 
volved, the trigeminal or fifth nerve, and 
the sixth or abducens nerve which will be 
subject to pressure as it passes over the sur- 
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face of the pons. The seventh or facial 
nerve is occasionally involved if the tumor 
is large, but may escape. The ninth or 
glossopharyngeal and the tenth or vagus 
nerve are usually involved to some extent. 
tis thus easy to understand why the symp- 
tomatology referable to the cerebellopontile 
angle is complicated and extensive, and in 
addition the patient may show a typical 
staggering “cerebellar gait.’’ A tumor of 
the acoustic nerve from the point of view 
of symptomatology is certainly one of the 
most clearly defined of all the various forms 
of brain tumors that we are apt to en 
counter. 

Other changes which are not infrequently 
found as a result of purely mechanical 
pressure from the presence of a fairly large 
tumor will be compression of the sigmoid 
sinus, and possibly the petrosal sinus may 
be partially occluded. The symptoms, how 
ever, would not be sudden as with a throm 
bosis, and as the occlusion would be slowly 
produced, collateral venous drainage would 
usually be enlarged sufficiently to compen 
sate almost if not completely for the altered 
condition. Some of the branches of the 
basilar artery may be involved in this com 
pression and obliteration. There may also 
be found enlargement of portions of the 
lateral extensions of the cisterna ambiens. 
When a tumor reaches a size sufficiently 
large to produce the changes enumerated 
above, there will probably be an elevation 
of intracranial pressure which at times may 
be great enough to press the cerebellar ton 
sils into the foramen magnum. 

It is well to remember, when considering 
the differential diagnosis of tumors in the 
cerebellopontile angle, that whereas all 
tumors in this location will involve the 
same group of nerves to a greater or lesser 
extent, the acoustic nerve tumor is the only 
one which will involve the eighth nerve 
first. And in addition, tumors in the cere 
bellopontile angle, other than those of the 
eighth nerve, are very apt to give rise to 
increased intracranial pressure relatively 
early in their course. This emphasizes the 
importance of a careful history, and the 
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importance of the clinical findings as a pre- 
requisite to a careful and complete evalua- 
tion of the roentgen examination. 

If we fail to obtain a clear cut history 
which would strongly suggest the presence 
of an acoustic nerve tumor then we must 
consider in our differential diagnosis sev- 
eral other conditions. The tumors most apt 
to be found in the cerebellopontile angle 
would be those of meningeal origin, the 
meningiomas, those of blood vessel origin, 
including the vascular anomalies, and tu- 
ors which might originate from the paren- 
chyma of the cerebellum, the cerebrum or 
the pons, chiefly the gliomas. Of these, the 
astrocytomas or oligodendrogliomas would 
be the most confusing because their growth 
is slow. A neuroblastoma or teratoma 
might at times occur in this location and 
prove confusing. A papilloma of the cho- 
roid plexus at the foramen of Luschka 
might produce similar symptoms. Sarcomas 
and other forms of metastatic malignancies 
might be found but their rapid progress 
would rarely make one confuse them with 
the slow-growing tumors under considera- 
tion. Other conditions besides tumors must 
be ruled out when an “‘angle”’ lesion is sus- 
pected. Such conditions are multiple sclero- 
sis, adhesive arachnoiditis, and syphilitic or 
tuberculous processes. 


The acoustic nerve tumors, like other 
tumors of the cerebellopontile angle, usu- 


Fic. 1. Tumor of the eighth nerve. There is atrophy 
of the sella turcica, although the anterior clinoids 
are practically intact. 
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Fic. 2. Same case as Figure 1. Anteroposterior view, 
showing erosion (arrow) of the left petrous ridge. 
This is the most typical roentgenographic evidence 
of a tumor of the eighth nerve. 


ally will cause an increase in the protein 
content of the cerebrospinal fluid. Several 
cases have been reported, however, in 
which the symptoms have been aggravated 
by a spinal puncture, so that this diagnostic 
procedure must be approached with cau- 
tion if such a lesion is thought to be present. 

With the foregoing information as a 
background, we are now in a position to 
consider the roentgen examination of a 
patient suspected of having an acoustic 
nerve tumor. First of all, the examination 
must be complete, and carefully correlated 
with the history and clinical findings, if a 
lesion in its early stages of development is 
to be discovered. It might be pertinent to 
mention here the oft-discovered statement 
in the literature that “the roentgen exami- 
nation was negative.” This statement, 
when appearing alone, must be taken with 
the proverbial “grain of salt.”’ For until we 
know who made the examination and how 
complete it was, we are not justified in ac- 
cepting such a statement at its face value. 
We are all well aware of the fact that many 
conclusions are drawn from most inade- 
quate examinations. 
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To examine adequately a skull suspected 
of harboring a tumor of the eighth nerve, 
we must have stereoscopic films of both 
sides of the head, and films taken in the oc- 
cipital position, in the semilateral (Sten- 
vers) position, in the nose-chin (Waters) 
and the brow-nose positions. The latter 
should be taken with the tube centered be- 
tween the occiput and vertex and tilted 
caudad about § degrees in order to cast the 
shadow of the petrous pyramids behind the 
orbits. If the sagittally taken films are am- 
ply exposed the petrous pyramids will be 
sufficiently penetrated to permit seeing and 
studying the entire bony portion of the 
auditory canal. In addition to these posi- 
tions, it might be well to attempt to obtain 
films of the internal auditory meatuses, but 
this is usually not very successful. A better 
scheme is to use planigraphy when possible 
as it will show the meatuses to much better 
advantage. 

If the petrosa are symmetrical we can 
compare the two sides in detail, but unfor- 
tunately they are usually asymmetrical so 
that each must be studied individually. 
As has been noted, the tumor usually orig- 
inates in the canal close to the internal 
auditory meatus, and usually tends to grow 
through the meatus, although growth in 
both directions can occur. The walls of the 
canal may show slight atrophy which would 
be the earliest roentgen evidence we could 
expect to find. This atrophy must be real. 
Slight enlargement or asymmetry does not 
necessarily indicate atrophy. The cortex 
must show demineralization to be atrophic, 
and this can be determined only by com- 
parison with comparable portions of the 
same bone, or with the bone of the opposite 
side. If the pyramid is dense and sclerotic, 
the recognition of early atrophy of the 
canal is well nigh impossible, but if mastoid 
cells appear about the canal the problem 
becomes less difficult. The next step in the 
development of the tumor would be recog- 
nized by an enlargement of the internal 
auditory meatus with atrophy of its walls. 
A comparison with the opposite side will 
usually help in recognizing this change, but 
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if bilateral tumors are indicated by the 
history we must then rely mostly upon our 
being able to recognize atrophy per se, un- 
less the enlargement is perfectly obvious. 
It is at this stage that the planigram will be 
of greatest aid. 

The next stage will be when the tumor 
has emerged from the canal and has /pro- 
duced a notch-like defect in the petrous 
ridge, usually as part of the destructive en- 
largement of the internal auditory meatus. 
The margins of this defect will be definitely 
atrophic. The further development of the 
tumor in the cerebellopontile angle before 
the onset of increased intracranial pressure 
is difficult to follow roentgenographically. 
However, an encephalogram at this time 
may show a distortion, obliteration, or even 
a cystic enlargement of the homolateral 
portion of the cisterna ambiens, and also a 
distortion of the aqueduct. There may also 
be sufficient transmitted pressure to pro 
duce a slight homolateral atrophy of the 
dorsum sellae, particularly if this structure 
happens to be of the type most susceptible 
to atrophy. Here again, the determination 
of the presence of atrophy must depend 
upon the careful study of the appearance of 
the cortex. So often demineralization of the 
sella turcica is part of a systemic process 
and is erroneously considered to be due to 


increased intracranial pressure. A study of 


the cortex and surrounding bone will usu 
ally eliminate such an error. The last stage 
when the tumor is large would be charac 
terized by all the changes previously men 
tioned plus evidences of increased intra 
cranial pressure. These evidences have been 
noted so many times in previous articles 
that it would be repetitious to mention 
them again. However, it might be well to 
warn against considering all cases showing 
some increase in the convolutional impres 
sions as being due to increased intracranial 
pressure. The cortex of the interconvolu 
tional ridges and the bone covering the 
ridges must be really atrophic to be due to 
pressure. Otherwise the convolutional 
markings may well be atypical normal vari 
ations, or the result of some metabolic dis 
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turbance which was a factor in early life. 

The pineal gland may be displaced by an 
acoustic nerve tumor, but such a displace- 
ment is much more commonly found in as- 
sociation with a supratentorial tumor. The 
displacement may be forward and upward 
if the tumor grows slightly cephalad rather 
than into the cerebellopontile angle in a 
caudad direction. This may also produce a 
slight lateral shift. When the tumor reaches 
a size sufficiently large to cause a general 
rise 1n intracranial pressure, the third ven- 
tricle will become dilated and the pineal 
body may be displaced posteriorly. 

We must bear in mind the fact that an 
actual displacement of the pineal body in 
the sagittal plane is not as easily deter- 
mined as we are led to believe. Charts and 
various measuring devices are available 
which determine whether or not a given 
pineal body lies within the “‘normal zone.” 
These ‘‘normal zones”’ are relatively large, 
and consequently even if a given pineal 
gland be found within them, we have no 
way of telling whether or not it may have 
been displaced from some portion of the 
zone to another. The leeway is altogether 
too great for accuracy in any individual 
case; however, the determination of a lat- 
eral shift can be depended upon to a much 
greater extent than can the determination 
of a slight shift in the sagittal plane. If the 
glomus of the choroid plexus, either singly 
or bilaterally, contains enough calcium to 
be seen in the film, then its relationship to 
the pineal shadow can be estimated in 
stereoscopic films. If the relationship is evi- 
dently normal then, even if the pineal body 
is apparently displaced by measurements, 
itis likely that the cause will be found to be 
anatomical and not pathological. Also, if 
the relationship between the pineal body 
and the calcium in the choroid glomuses ap- 
pears abnormal, even though the pineal be 
within the “‘normal zone’’ it should be 
suspected as being abnormal. It would be 
rare, indeed, to find the pineal body and 
both choroid glomuses displaced in such a 
manner as not to alter their relative posi- 
tions. A careful study of the relationship 
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between these structures, whenever they 
can all be localized, will frequently forestall 
errors in interpretation both of commission 
and omission. 

This, then, is the way a typical tumor of 
the acoustic nerve would be expected to 
develop, and by a study of the films we may 
be able to tell about what stage the tumor 
is in at the time of the examination. But, 
unfortunately, not all such tumors run true 
to form. Not infrequently we will find a 
tumor which produces little or no bony 
change until the state of increased intra- 
cranial pressure is reached. In such a case a 
relatively early diagnosis would have to 
depend upon the symptoms and clinical 
findings plus encephalography, which 
would be expected to show the usual dis- 
tortions of the cerebral fluid spaces pro- 
duced by a tumor in the cerebellopontile 
angle. 

Let us now consider in greater detail the 
differential diagnosis between acoustic 
nerve tumors and conditions with which 
they might be confused. First of all, we 
must never lose sight of the fact that mul- 
tiple lesions can occur of the same and dis- 
similar types. Most of us are prone to as- 
cribe all changes noted in an examination 
to a single cause, particularly if a specific 
type of lesion is obviously present. In the 
majority of cases this will be correct, but a 
careful study of all the variations from the 
normal seen in any given case will reward 
us occasionally with the information that 
more than one disease process is present. 

A cancer of whatever origin, invading a 
petrous pyramid, might produce a notch- 
like defect closely simulating the change 
usually associated with a tumor of the 
eighth nerve. The surrounding bone, how- 
ever, would have an “invaded” look with 
indefinite outlines to the defect. The acous- 
tic nerve tumor will erode bone as a result 
of pressure only. Also the history of such 
tumors would be entirely different. The 
cancer would be rapidly malignant. 

A primary epidermoidoma of a petrous 
pyramid occasionally produces a bone de- 
fect closely simulating an eighth nerve 
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tumor still within the canal. This may 
prove very confusing; however, the bone 
defect due to an epidermoidoma is apt to 
be considerably larger than the symptoms 
would warrant if it were due to an acoustic 
nerve tumor. And, in addition, if the spinal 
fluid were examined and found to have an 


increased protein content, the chances of 


its being caused by an epidermoidoma 
would be relatively slight. 

Another tumor which occasionally pro- 
duces notch-like defects of the petrous 
ridge is a meningioma, usually originating 
from the walls of the petrosal sinuses. Al- 
though the bone defect might be confusing, 
the symptoms would not be. With a me- 
ningioma the eighth nerve would not be in- 
volved before other symptoms would be 
noted. Not infrequently a meningioma in 
this region will give rise to some bone hy- 
pertrophy which would immediately rule 
out the possibility of its being caused by an 
acoustic nerve tumor. A meningioma in 
this location will frequently displace the 
pineal gland toward the opposite side and 
possibly somewhat anteriorly. It might be 
interesting to mention the fact that me- 
ningiomas,when found below the tentorium, 
will not infrequently be associated with 
neurofibromatosis. 

A glioma of the astrocytic or oligodendral 
types might cause a slight notching of a 
petrous ridge by direct pressure. Such a 
contingency would be remote but on rare 
occasions gliomas do produce bone atrophy 
by direct or almost direct contact. Such a 
change would rarely be confusing except as 


a complicating factor in the presence of 


two lesions. The glioma would almost cer- 
tainly displace the pineal body and the 
signs and symptoms would indicate a 
lateralized cerebral lesion. If the glioma 
were actually within the cerebellopontile 
angle we would not expect any bony change 
involving a petrous ridge. The gliomas are 
also apt to calcify and so at least give us a 
clue to their identity. 

Other forms of expanding lesions in or 
near the cerebellopontile angle would 
hardly be expected to produce bony 
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changes which might be confusing. How 

ever, if our search failed to reveal any sug 

gestively characteristic changes and we 
found it necessary to resort to encephalog- 
raphy, then if a tumor were present we 
would find evidences of a lateralized sub 

tentorial lesion, and in the presence of a 
rather typical history and clinical picture, 
we would be able to make a fairly definite 
diagnosis of an acoustic nerve tumor. 

After a diagnosis has been made of the 
presence of an eighth nerve tumor, the 
question of therapy immediately arises. 
The treatment of these tumors is primarily 
surgical, and a complete removal of the 
tumor will produce a cure. However, not 
infrequently a complete removal will be 
impossible or for some reason inadvisable. 
Under these circumstances radiotherapy i1 
large doses might be employed in the aie 
of inhibiting the almost inevitable growth 
of any remaining tumor tissue. 
mors contain very few mitotic figures and 
are therefore not radiosensitive. For this 
reason radiotherapy has little to offer as a 
primary form of treatment. 
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SUMMARY 


The acoustic nerve tumors constitute 
about 9 per cent of all intracranial new 
growths; they are slow growing, 
the eighth nerve first, produce atrophy in 
and about the internal auditory meatus, 
and when bilateral they are apt to be asso 
ciated with neurofibromatosis; when large, 
they invade the cerebellopontile angle and 
give rise to increased intracranial pressure. 
The roentgen examination must be com 
plete. It often shows characteristic changes 
which make a definite diagnosis possible. 
The treatment of these tumors is primarily 
surgical.* 
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HERE are few reports in the literature 

on diaphragmatic tumors. This is ob- 
viously due to the fact that primary neo- 
plasms of the diaphragm are very rare. 
Since Binney’s review of this subject, iso- 
lated cases have been reported by Burvill- 
Holmes and Brody, Miller, Kirshbaum, 
Sdderlund, and Peery and Smith. 

All benign and malignant neoplasms of 
the diaphragm are of mesenchymatous 
origin. Among the benign tumors of the 
diaphragm, lipomas, fibromas and an angio- 
fibroma have been reported. They grow 
slowly and do not have a tendency to 
undergo sarcomatous transformation. Some 
of these tumors have been found inciden- 
tally on postmortem examinations, without 
having caused any clinical symptoms. 

The malignant tumors of the diaphragm 
comprise various forms of sarcoma. Fibro- 
sarcoma, fibromyosarcoma, rhabdom yosar- 
coma, and leiomyosarcoma have been de- 
scribed in the literature. The rhabdo- and 
leiomyosarcomas have greatly attracted the 
attention of pathologists because of their 
rarity. Particularly rare are myogenic sar- 
comas derived from striated muscte fibers. 
Undoubtedly undifferentiated myo- 
sarcomas may not be identified in all cases, 
unless special staining methods are used. 
The origin of the highly undifferentiated 
rhabdomyosarcomas was sought in isolated 
muscle fibers, which have failed to dif- 
ferentiate fully during fetal development. 
The fact that in a myogenic tumor cell the 
tendency to differentiation remains rudi- 
mentary probably accounts for the failure 
of cross striations to develop. Sarcomas of 
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the diaphragm grow very rapidly; they 
often assume large dimensions and displace 


the lung and mediastinum. Metastases of 


the lung, pleura, and bones occur very fre- 
quently. Pleural metastases are usually as- 


sociated with a hemorrhagic pleural ef- 
fusion, which may obscure the true origin 
of the malignant tumor. Age does not seem 
to be an important factor in the occurrence 
of diaphragmatic sarcomas; they have been 
reported between fourteen and sixty-five 
years of age. In all cases reported in the 
literature death resulted within a few 
months after the onset of clinical symptoms. 

The clinical manifestations of diaphrag- 
matic tumors are not very characteristic. 
However, some of the complaints recurred 
in most of the cases, and therefore may be 
briefly summarized: Usually there was a 
more or less severe pain in the lower chest, 
referred to the hypochondrium; the pain 
increased on respiration and occasionally 
radiated along the distribution of the inter- 
costal nerves. Frequently there was short- 
ness of breath, in some instances the dysp- 
nea was of an obstructive type. Usually 
there was dry cough; in one case hemoptysis 
occurred. As the tumors increased in size, 
bulging of the hypochondrium was _ ob- 
served. In several instances the tumor was 
palpable in the hypochondrium and moved 
definitely with respiration. For this reason, 
enlargement of the liver or spleen has been 
erroneously assumed in some cases. In a 
great majority of cases a correct diagnosis 
of diaphragmatic tumor cannot be expected 
without the aid of supplementary methods. 
Of the greatest diagnostic value are thora- 
coscopy and roentgenography. By thoracos- 
copy a direct visualization of the tumor 
and its relation to the surrounding struc- 
tures may be obtained. However, it is 
usually preceded by roentgen examination. 

If roentgen diagnosis of diaphragmatic 
tumor is to become efficient, it must be 
conducted carefully and in a logical se- 
quence. Since tumors of the diaphragm 
must be differentiated from other intra- 
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thoracic diseases, and from some abdominal 
tumefactions which may bear a roentgeno- 
logical resemblance to pathological condi- 
tions of the diaphragmatic pleura or 
diaphragm, the roentgen examination 
should consist of several procedures to 
secure satisfactory diagnostic criteria. These 
are the procedures in the preferred se- 
quence: (1) roentgenoscopy supplemented 
by roentgenograms; (2) pneumoperitoneum, 
and (3) pneumothorax. 

(1) Roentgenoscopic observation of the 
diaphragm on normal respiration and on 
application of Mueller’s test is indispensable 
for the determination as. to whether the 
tumor is of intrathoracic or. abdominal 
origin. Basal intrathoracic tumors show 
respiratory motion, synchronous with the 
normal excursion of the diaphragm. If the 
tumor lies underneath the diaphragm, and 
protrudes through it into the thoracic 
cavity, a paradoxical movement of the 
tumor shadow is noted, similar to that 
characteristic of diaphragmatic hernias. 
The paradoxical movement may not be 
demonstrable in the presence of adhesions 
within the diaphragmatic defect. In those 
cases the tumor mass moves together with 
the adherent diaphragm. The paradoxical 
movement, in the absence of adhesions, is 
due to increased intra-abdominal pressure 
during inspiration, which presses the ab- 
dominal contents upward. 

(2) A circumscribed subphrenic mass can 
clearly be differentiated from a tumor ex- 
tending into the thoracic cavity by a 
pneumoperitoneum. A subphrenic tumor 
is then usually separated from the leaf of 
the diaphragm by a layer of air, whereas a 
tumor protruding into the thorax usually 
remains above the diaphragm. Should such 
a tumor be reduced (analogous with a 
hernia) into the abdominal cavity, then 
the gas escaping through the defect within 
the diaphragm would produce a pneumo- 
thorax, which of course would prove the 
presence of a diaphragmatic defect. 

These signs have been occasionally ob- 
served in cases of echinococcus of the liver, 
protruding into the thorax or in cases of 
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diaphragmatic hernia of the liver, which is 
not an extremely rare occurrence. 

(3) After the intrathoracic origin of a 
basal tumor has been established, the exact 
recognition of its relation to the thoracic 
viscera is facilitated by artificial pneumo- 
thorax. This will usually determine whether 
a shadow noted at the base is of pulmonary 
or extrapulmonary origin. The intrapul- 
monary tumors, especially those which do 
not affect the visceral or parietal pleura, 
will usually separate from the diaphragm 
when a good compression of the lung is 
obtained. A tumor of the diaphragm or 
diaphragmatic pleura will rest with its base 
on the diaphragm and be separated from 
the collapsed lung, which shows no patho- 
logical changes. A diagnostic pneumothorax 
may also solve the question as to whether 
a shadow resting on the diaphragm is pro 
duced by the presence of fluid or by a solid 
tumor. If, after aspiration of fluid, air is 
injected and films are taken in different 
positions, the air will shift with the shifting 
of the fluid, and so establish the diagnosis 
of an encapsulated effusion. Air in an other 
wise solid tumor will not change its position 
with change of posture. 

If a satisfactory collapse of the lung is 
prevented by simultaneous involvement of 
the pleura, the differentiation of the dia 
phragmatic tumor from pulmonary disease 
may become impossible. Such a difficulty 
may be encountered in differentiation be 
tween neoplasm of the diaphragm and pul 
monary sarcoma. Pulmonary sarcoma may 
grow either by infiltration and destruction 
of the pulmonary parenchyma, or by ex 
pansion. The expansive growth seems to be 
more frequent. The growing tumor does 
not spread along the peribronchial and 
perivascular channels, as in case of broncho 
genic carcinoma. This tendency of pul 
monary sarcoma to grow expansively finds 
its roentgenological expression in the con 
vexity and sharpness of the contours of the 
tumor. The destructive component of these 
tumors does not change its contours, but 
causes a slight loss of sharpness of the 
shadow. 
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An echinococcus cyst, which is often 
found at the base of the lung, shows quite 
frequently a calcified ring and may then 
be recognized with relative ease. 

More difficult is the differentiation of 
diaphragmatic tumors from tumors of the 
pleura. Of these the primary pleural sar- 
comas must be considered. Macroscopically 
primary sarcomas of the pleura can be 
divided into: (a) diffuse sarcomatous in- 
filtrations; (4) circumscribed, destructively 
growing sarcoma, and (c) expansively grow- 
ing fibrosarcoma. Only the last two forms 
of pleural sarcoma deserve careful at- 
tention. 

The circumscribed, destructively grow- 
ing sarcomas may assume large dimensions 
and lead to infiltration of the lung, on the 
one hand, and on the other, produce marked 
destruction of the ribs and invade the soft 
tissues of the thoracic wall. Pleural effusion 
may be absent. They metastasize to the 
lung, liver and skeleton. 

The expansive fibrosarcoma, of which 
only a few cases have been reported, pre- 
sents a peculiar form. It grows entirely 
expansively, assuming a large size, and oc- 
cupies a large portion of the lung field. This 
tumor is loosely attached to the surround- 
ing tissues by thin vascular strands. Other- 
wise it is fully movable in the pleural cavity. 
The diaphragmatic pleura is the most fre- 
quent origin of this tumor. It never invades 
the lung. There have never been any retro- 
gressive changes noticed within the tumor. 
Also the pleural effusion which frequently 
accompanies the malignant tumors of the 
pleura is not encountered; it does not pro- 
duce any metastases. Clinically it causes 
dyspnea, cyanosis, venectases of the thorac- 


ic wall, dullness to percussion, absence of 


respiratory sounds. The prognosis is favor- 
able because it can easily be removed and 
does not recur. An encapsulated pleural ef- 
fusion simulating a neoplasm of the dia- 
phragm can be ruled out only after tho- 
racocentesis and introduction of air, which 
will establish the diagnosis definitely. 

At the University Hospital, we have had 
an opportunity to study 2 cases in which a 
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Fic. 1. Case 1. A sharply defined shadow at the right 
base resting on the diaphragm dome. The upper 
contour is polycyclic. 


diagnosis of a diaphragmatic tumor was 
made. In one case this diagnosis was con- 
firmed at operation. 


REPORT OF CASES 


Case 1. F. C., white male, aged twenty- 
seven, was admitted to the University Hospital 
in May, 1938. In December, 1937, the patient 
was seized with severe pain in the right lower 
chest, increasing on respiration. At first this 
pain was associated with dry, hacking cough, 
which later became productive of a thick mu- 
coid material. Later there was marked short- 
ness of breath on exertion, and the patient 
noticed that the sputum was tinged with blood. 
The patient was hospitalized elsewhere. A 
roentgenogram of the chest at that time showed 
a mass in the right lower lung field. Thoraco- 
centesis was performed and fluid tinged with 
blood was aspirated. After that his condition 
improved slightly. In April shortness of breath 
became worse. The thoracocentesis was re- 
peated and 600 cc. of bloody fluid removed. 
This gave considerable relief. There was no 
edema, cyanosis, chills or fever. Patient lost 
approximately 40 pounds since the onset of his 
illness. 


| 
a 
om 
: 
— 
4 
= 
\ 
2 


714 Alfred J. 


Fic. 2. Case 1. The tumor has increased in size. The 
cardio- and costophrenic angles are obliterated. 
Plate-like atelectasis of the lung above the tumor. 


On physical examination there was a limited 
expansion of the right lower thorax, complete 
dullness to percussion, and on auscultation the 
breath sounds over the right chest, with excep- 
tion of the apex, were absent. There were nu- 
merous rales in the right apex. The cardiac dull- 
ness extended beyond the left mammillary line. 
The heart tones were normal. The temperature 
and pulse were normal. Erythrocyte count, 
4,875,000; leukocyte count, 7,100, with a nor- 
mal differential count. Thoracocentesis was re- 
peated shortly after admission to the hospital, 
and 1,900 cc. of bloody fluid removed. Micro- 
scopic examination of the smear showed homo- 
geneous, pink staining fibrinous material, in 
which there were a few scattered red cells. No 
malignant cells could be demonstrated. A 
bronchoscopic examination failed to demon- 
strate any evidence of a pathological condition 
of the investigated middle and lower lobe bron- 
chi. 

Roentgenograms of the chest were made and 
compared with those taken elsewhere shortly 
after the onset of the patient’s complaints. The 
first roentgenogram showed a fairly large, 
sharply defined shadow of homogeneous density 
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in the right lower lung field, resting with a 
broad base on the dome of the diaphragm, from 
which it was not separated by interposed nor- 
mal pulmonary parenchyma. The superior con- 
tour of this shadow presented a polycyclic ap- 
pearance, suggesting either a lobulated tumor 
or a mass of multicentric origin. The right costo- 
phrenic angle and mediastinum were free; the 
heart was in midline. 

The second roentgenogram, taken approxi- 
mately one month later, showed an increase in 
the size of the tumor. The upper contour, still 
sharply defined, was convex and formed one 
arc; the right costo- and cardiophrenic angles 
were obliterated. Above this shadow there was 
a convex line of increased density in the right 
lower lung field; the course of this linear shadow 
followed closely the upper contour of the tumor. 

The roentgenogram of chest, after the patient 
had been admitted to the University Hospital, 
showed a very large shadow of homogeneous 
density occupying the lower two-thirds of the 
right lung field, obliterating completely the 
right costophrenic angle, and extending later- 
ally to the chest wall. The heart was displaced 
considerably to the left. The upper, sharply de- 
fined contour of the tumor remained convex. On 
roentgenoscopic examination an anterior and 
lateral displacement of the esophagus was dem 


Fic. 3. Case 1. The tumor has grown rapidly. Its 
superior contour remains convex. The heart and 
mediastinum are displaced. 


| 
3 


id 


VoL. 47, No. § 


onstrated. A diagnostic pneumothorax revealed 
evidence of fluid at the right base. A pneumo- 
peritoneum showed free air underneath the 
right diaphragm on roentgenoscopic examina- 
tion. A diagnosis of a sarcoma of the right dia- 
phragm or diaphragmatic pleura was made and 
thoracotomy advised. 

In July, 1938, the patient was operated upon. 
A long incision was made in the eighth costal 
interspace, extending from the axillary line for- 
ward to within 8 cm. of the costochondral junc- 
tion. A I cm. section was removed from the 
eighth rib posteriorly to secure better exposure. 
A large portion of the tumor was removed by 
blunt dissection with the fingers from the dome 
of the diaphragm. Hemostasis was secured. The 
cavity was closed by interrupted sutures. Par- 
tial expansion of the lung was obtained before 
the final suture was closed. On close inspection 
the large fungating, friable tumor mass was 
found to arise from the anterior dome of the 
right diaphragm. The pleura was adherent in 
several places. There were metastases in the 
right lower lobe. About 1,500 cc. of blood- 
tinged fluid was removed from the pleural 
cavity by suction. 

The pathological! examination of the removed 
tumor showed it to consist of soft, friable, pale 
yellowish-gray tissue, approximately 8X5 


ic. 4. Case uu. A round, sharply defined shadow at 
the right base, resting on the diaphragm dome. 
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Fic. 5. Case 1. Right oblique view, showing the close 
relation of the tumor to the diaphragm. 


cm. The tumor surface was shaggy and ex- 
tremely irregular with numerous strands of dark 
gray, necrotic appearing tissue. The cut surface 
was moist, bulging, and scattered throughout 
were numerous arborizing trabeculations be- 
tween which there were numerous small, ir- 
regular cavities, filled with semifluid material. 
In some areas there were irregular cystic cavi- 
ties varying from 5 to IO mm. in diameter. 
Microscopically several sections from different 
portions of the tumor showed predominantly 
necrotic tissue. In some of the sections there 
were small, scattered areas of tumor composed 
of very embryonic spindle cells without any 
definite arrangement. There was a tendency to- 
ward a radial arrangement of the cells around 
blood vessels. The tumor cells varied greatly in 
size and shape. The nuclei were particularly 
large in many of the cells. There were many 
mitotic and hyperchromatic nuclei. The stroma 
was scanty. The histopathological diagnosis 
was: very malignant type of fibrosarcoma. 

Following the operation there was no appre- 
ciable change in the patient’s condition. He was 
discharged from the hospital and did not return 
for further treatment. 


Case i. E. M., white male, aged forty-eight, 
a war veteran, was admitted to the University 
Hospital in January, 1940, for a tonsillectomy. 
Because the patient complained also of recur- 
ring pain in the right lower chest, which occa- 
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sionally was quite severe, and increased on 
respiration, a roentgenogram of the chest was 
made. This showed a round, sharply defined 
shadow at the base of the right lung field, mov- 
ing with the diaphragm on deep inspiration. On 
oblique views this shadow localized slightly 
posteriorly from the dome of the diaphragm, 
from which it could not be separated. 

A diagnostic pneumothorax and pneumoperi- 
toneum were advised to determine definitely 
the relation of this tumor to the diaphragm. The 
patient refused to submit to this examination 
and we were unable to confirm our diagnosis. 

We include this case in the present report 
because the clinical history and the roentgeno- 
grams are similar to those found in other cases 
of diaphragmatic tumors found in the literature. 


CONCLUSIONS 


1. Two cases of diaphragmatic tumor 
have been presented. 

2. The clinical symptomatology has been 
briefly summarized. 
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3. The differential diagnosis has been 
discussed. 

4. The roentgen diagnostic criteria and 
the significance of pneumothorax and 
pneumoperitoneum as integral constituents 
of the roentgen examination have been 
stressed. 
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ROENTGEN PELVIMETRY IN LABOR BY THE 
PELVIC INLET GRID METHOD* 


By RICHARD TORPIN, M.D. 


AUGUSTA, GEORGIA 


HIS study was conducted in associa- 

tion with the obstetric delivery of 1,420 
women, 510 white and gio negro. About 
two-thirds were home deliveries, but patho- 
logic conditions were taken care of in the 
hospital where 138 had pelvic measure- 
ments made during labor. This was a single 
view of the inlet showing the outline of fetal 
head generally framed within that of the 
pelvic inlet, since the patient is in a semi- 
sitting position when the film is exposed, 


inlet with transverse diameter less or no 
more than equal to the anteroposterior 
diameter; (c) android (male type) inlet 
with triangular contour wider in the poste- 
rior third and narrow anteriorly. In some 
cases the ischial spines protrude inward and 
show in the film; (d@) platypelloid (flat pel- 
vis) in which the anteroposterior diameter 
is shorter by 3 cm. or more than the trans- 
verse diameter. Other characteristics of the 
four types may be noted by palpating the 


Fic. 


and the fetal head has a tendency to sink 
into the true pelvis. 

The resulting 8 by Io inch film, made 
with the device previously described,! 
illustrated in Figure 1, shows (1) the outline 
of the pelvic inlet and its diameter in centi- 
meters directly by counting the dots be- 
tween two points; (2) the contour of the in- 
let, and this is important in the pelvic 
classification into the four groups of Cald- 
well, Moloy and D’Esopo,? who amplified 
the older classification of the anthropolo- 
gists, Weber, Stein and others. These types 
are (a) gynecoid (female type) symmetrical, 
oval pelvic inlet with transverse diameter 
up to 3 cm. longer than the anteroposterior 
diameter; (4) anthropoid—round or oval 


contour of the sacrum which may bend 
rather forward, especially in the android 
type. By palpating the ischial spines and 
the tuberosities, narrowness of the outlet 
may be identified, frequently with anthro- 
poid or android pelves. However, from this 
study these rarer types of pelves seem to 
have less effect upon labor than does the 
shortening of the true conjugate (the an- 
teroposterior diameter of the inlet). Of 
course the effect is greater if there is an as- 
sociated narrow transverse diameter. 


TECHNIQUE 


The number of patients in each group in 
this series is shown in Table 1. 
Among the 1,420 deliveries occurred 24 


* From the Department of Obstetrics and Gynecology, University of Georgia School of Medicine, Augusta, Georgia. 


717 


q 
~ 
> 


718 


forceps operations in which the pelvis had 
roentgen studies, and this included almost 
all forceps cases. This reveals a forceps in- 
cidence of not over 3 per cent and corre- 
sponds well with the more or less ideal rate 
in vogue at the Grady Hospital in Atlanta. 
Since 16 of the forceps deliveries were in 


Richard 


Torpin May, 


1942 


negro. There were 3 low forceps deliveries 
in white women and § in negro women. In 
5 cases of forceps delivery there was a nar- 
row outlet as shown by the shortening of 
distance between the ischial spines seen in 
the pelvic inlet film and by rectal palpation. 
Ten of the 24 women who had to be deli- 


TABLE I 
Gynecoid Totals 
Conjugate vera in cm. 8-9 g-10 1O-11 11-12 12-13 13-14 14-15 
White 3 12 20 10 I 4f 
Negro I 10 2 16 5 56 
+ 
Anthropoid 
Conjugate vera in cm. 8-9 9-10 10-11 11-12 12-13 13-14 14-15 
White 
Negro 3 6 5 14 
Android 
Conjugate vera in cm. 8-9 g-10 1O-11 11-12 12-13 13-14 14-1 
White I I 4 I I 
Negro 4 I 3 8 
Platypelloid 
Conjugate vera in cm. 8-9 g-10 10-11 11-12 12-13 13-14 14-1 
White I 2 
Negro 2 2 
Nagele 
Conjugate vera in cm. 8-9 g-10 1O-11 11-12 12-13 13-14 14-1 
White 
Negro I I 
(White 57 plus Negro 81) 138 


negro women, the incidence is the same as 
in white women, identical rules as to neces- 
sity of application being used in both cases. 
Table 1 shows a higher incidence of con- 
tracted pelves in negro women. It seems, 
however, that the negro newborn’s head is 
softer and molds more than that of the 
white infant. The mid forceps incidence was 
16 to low forceps 8. Five of the low forceps 
deliveries were in white women and 11 in 


vered by forceps had normal size pelves, 2 
of these being justo major 12 by 13 cm.; 
one of these had a g pound, 4 ounce baby 
and the other, 7 pounds 12 ounces. 

Among the 24 operative deliveries re 
quiting forceps, 17 of the pelves were gyne 
coid in type, 3 were anthropoid— all negro, 
3 android or tendency to android—2 white 
and 1 negro, and 1 Nagele pelvis in a negro 
woman. 
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Experience teaches one to suspect diffi- 
culty in labor in the short obese type of pa- 
tient, so-called dystrophia dystocia syn- 
drome, and one gathers from the literature 
that these patients have a tendency to con- 
tracted pelves of android or anthropoid 
types. In this group there were 8 such pa- 
tients delivered in the hospital, 4 white and 
4 negro. All but one had gynecoid type 
pelves; contraction below Io cm. antero- 
posterior in 2, slight contraction 10-11 cm. 
anteroposterior in 3, large gynecoid pelvis 
in one and a contracted android type in one 
negro. 

Of these 8 patients, 4 delivered spon- 
taneously—1 negro, contracted gynecoid; 1 
negro, slightly contracted gynecoid in 113 
hours; 1 white woman of 235 pounds weight 
with justo major gynecoid pelvis in 33 
hours, and 1 negro whose slightly contrac- 
ted pelvis had a tendency to android type 
and a narrow outlet. There were 2 mid for- 
ceps, I white gynecoid slightly contracted 
and 1 white normal size gynecoid type. 
There was I cesarean section in a white 
woman with a slightly contracted gynecoid 
pelvis who had a thirty hour labor test. 
There was I craniotomy in a negro with a 


contracted gynecoid pelvis who had a large 
baby weighing more than 8 pounds. 

In this series it is felt that no woman or 
infant was neglected in giving each mother, 
under amnesia, full opportunity to com- 
plete the labor spontaneously. The craniot- 
omy cases were neglected before admis- 
sion. 


INDIVIDUAL DESCRIPTION OF 
IN EACH CASE 


LABOR 
ILLUSTRATED 

[he case histories correspond in number 
to the pelvic outlines shown in Figures 2, 
3, 4.and 

Case 1. White primipara, aged eighteen; con- 
tracted gynecoid pelvis; anteroposterior 9.25 cm., 
transverse 11 cm. Labor 8 hr. test followed by low 
cervical cesarean section. Weight of infant 5 |b. 114 oz. 

Case 2. Negro primipara, aged fifteen; contracted 
gynecoid pelvis; anteroposterior 9.25 cm., transverse 
10.25 cm. Labor Ist stage 17 hr., 45 min., 2nd stage 
30 min. Presentation left occipito-anterior, weight of 
infant 8 lb. 5 oz. The measurements of the biparietal 
and suboccipital bregmatic diameters of the head of 


] 


the newborn infant were about 0.25 cm. less than 
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those of the pelvic inlet. One year later she dupli- 
cated the procedure delivering spontaneously an 8 Ib. 
4 oz. infant after a rather longer Ist stage and a 30 
min. 2nd stage of labor. This proves that Nature is 
able to accommodate the fetal head to a much tighter 
fitting pelvis than is usual. 

Case 3. Negro, para 0, gravida 1, aged nineteen, 
toxemia of pregnancy; slightly contracted gynecoid 
pelvis; anteroposterior 10 cm., transverse II cm. 
Labor ist stage 22 hr., 2nd stage 2 hr. Spontaneous 
deliveryleft occipito-an terior, living infant, weight 7 
lb. 

Case 4. Negro primipara, aged seventeen, obese, 
eclamptic; contracted gynecoid pelvis; anteroposte- 
rior 9 cm., transverse 11.5 cm. Labor short after two 
convulsions. Spontaneous delivery of living infant 
right occipito-anterior, weight of infant, 7 Ib. 3 oz. 

Case 5. Negro primipara, aged twenty; gynecoid 
pelvis; anteroposterior 11 cm., transverse 11.5 cm. 
Labor Ist stage 33 hr., 2nd stage 4 hr. 35 min. Spon- 
taneous delivery left occipito-anterior, living infant, 
7 |b. 

Case 6. Negro, para 7, gravida 8, aged thirty-eight, 
5 living children, 1 forceps delivery; anthropoid pel- 
vis, anteroposterior I1I.§ cm., transverse II cm. Test 
of labor 24 hr. then low cervical cesarean operation 
with hysterectomy, presentation left occipitoposte- 
rior at operation. 

Case 7. Negro primipara, aged eighteen; gynecoid 
pelvis; anteroposterior 12 cm., transverse 12.5 cm. 
Labor Ist stage 48 hr. with infrequent uterine con- 
tractions, 2nd stage 2 hr. Spontaneous delivery, left 
occipito-anterior, living infant, weight 6 lb. 3 oz. 

Case 8. Negro, para 0, gravida 4; markedly con- 
tracted gynecoid pelvis with prominent promontory; 
anteroposterior 8.5 cm., transverse 11.5 cm. Labor 22 
hr. test without engagement of the head then low 
cervical cesarean section, delivery of living infant, 
weight 8 Ib. 5 oz. (congenital syphilis). 

Case g. White primipara, aged twenty-three; gyn- 
ecoid pelvis; anteroposterior 11.5 cm., transverse 13 
cm. Labor Ist stage 25 hr., 2nd stage 40 min. Spon- 
taneous delivery left occipito-anterior, living infant, 
weight 6 lb. 83 oz. 

Case 10. Negro primipara, aged nineteen; gyne- 
coid contracted pelvis; anteroposterior 9.§ cm., trans- 
verse 11.5 cm. Labor Ist stage 3 or 4 days with infre- 
quent pains, 2nd stage 33 hr. Low Kjelland forceps 
delivery, right occipito-anterior, living infant, 
weight 5 Ib. 14 02. 

Case 11. Negro, para 2, gravida 3, aged thirty; 
gynecoid pelvis; anteroposterior 11.5 cm., transverse 
cm. Labor Ist stage 5 hr. 45 min., 2nd stage 1 
hr. Spontaneous delivery, left occipito-anterior, liv- 
ing infant, weight 7 |b. 7 oz. 

Case 12. Negro, para 3, gravida 4, aged twenty; 
gynecoid pelvis; anteroposterior 11.5 cm., transverse 
12 cm. Transverse presentation at time of roentgen 
examination. Fetus turned spontaneously and de- 
livered normally after rapid labor, left occipito-an- 
terior, weight of infant 8 lb. 
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Fic. 2. Pelvic outlines of Cases 1 to 36. 


2,4 
one; slightly contracted gynecoid pelvis; anteropos- 
terior 10 cm., transverse 11.5 cm. Labor placenta pre- 
via marginalis. Voorhees bag inserted into lower 
uterine segment followed in 1} hr. by spontaneous 


Case 13. White, para 1, gravida 2, aged twenty- 


delivery living infant, right occipito-anterior, 
6 Ib. 1 13 OZ. 


weight 


Case 14. Negro primipara, aged fourteen; slightly 


contracted gynecoid pelvis; anteroposterior | 
transverse 11.25 cm. Labor Ist stage 1¢§ hr. 2 


cm., 


min., 


} 
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2nd stage 2 hr. 50 min. Spontaneous delivery, right 
occipito-anterior, living infant, weight 6 lb. 11 oz. 

Case 15. Negro primipara, aged fourteen, anemic 
with placenta previa marginalis; slight contracted 
gynecoid pelvis; anteroposterior 10.5 cm., transverse 
12cm. Labor 77 hr. Right occipitoposterior rotation 
135° to left occipito-anterior with spontaneous de- 
livery living infant, weight 5 lb. 13 oz. 

Case 16. White primipara, aged sixteen; android 
pelvis; anteroposterior 11 cm., transverse 12 cm. La- 
bor Ist stage 48 hr., 2nd stage 7 hr. 31 min. Right oc- 
cipitoposterior to right occipito-anterior spontaneous 
delivery living infant, weight 6 lb. 4 oz. 

Case 17. Negro primipara, aged twenty-one; gyne- 
coid pelvis; anteroposterior 11.75 cm., transverse 13 
cm. Labor Ist stage 6 hr. 30 min., 2nd stage 3 min. 
Right occipito-anterior spontaneous delivery living 
infant, weight 6 lb. 

Case 18. Negro, para 6, gravida 7, aged thirty; 
gynecoid pelvis; anteroposterior 11.25 cm., trans- 
verse 13cm. Labor Ist stage 13 hr. 33 min., 2nd stage 
2 min. Spontaneous delivery left occipito-anterior, 
living infant, weight 8 lb. 3 oz. 

Case 19. White, para 3, gravida 4, aged twenty- 
two; justo major gynecoid pelvis. Labor Ist stage 31 
hr. 40 min., 2nd stage 2 min. Fetal head ballotable 
until just before delivery. Spontaneous delivery 
from complete occiput posterior presentation, living 
infant, weight 7 |b. 11.5 oz. 

Case 20. White, para 2, gravida 3, aged twenty- 
one; gy necoid pelv 1S; anteroposterior 11.§ cm., trans- 
verse 13.6 cm. Labor Ist stage 22 hr., 2nd stage few 
minutes. Spontaneous delivery right occipito-ante 
rior, living infant, weight 8 Ib. 4 0z 

Case 21. White primipara, aged thirty-three; 
necoid Is; anteroposterior I1.§ cm., transverse 
13.6 cm. Labor twins, female, small, both breech 
spontaneous delivery living infants, weight No. 1, 4 
lb. 11 0z., No. 2, 4 lb. 8} OZ. 

Case 22. White primipara, aged nineteen; slightly 
contracted platypelloid pelvis; anteroposterior 1¢ 


cm., transverse 13 cm. Labor ist stage 154 hr., 2nd 


stage 2 hr. Spontaneous delivery, right occipito-an 
terior, living infant, weight 6 lb. 133 oz. 

Case 23. White para 7, gravida 10, aged thirty-six; 
large android pelvis; anteroposterior 14 cm., trans- 
verse 13 cm. Labor, total 3 hr.; precipitate delivery 
from direct occiput posterior presentation, one living 
infant, weight 9 lb. 4 oz. One year previously she had 
spontaneous delivery, from left occipito-anterior of 
one living infant, weight 9 lb. 13 oz. Total labor, 4 hr. 
22 min. 

Case 24. White, para 1, gravida 2, aged twenty- 
five; gynecoid pelvis; anteroposterior 11.5 cm., trans- 
verse 12 cm. Labor Ist stage 13 hr., 2nd stage 2 hr. 
47 min. Spontaneous delivery, left occipito-anterior, 
living infant, weight 7 lb. 11} oz. 

Case 25. Negro, para 2, gravida 3, aged twenty; 
gynecoid pelvis; anteroposterior 11.75 cm., trans 
verse 12.75 cm. Labor Ist stage 19 hr. 40 min., 2nd 
stage 28 min. Spontaneous delivery. 
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Case 26. Negro primipara, aged fifteen; gynecoid 
pelvis; anteroposterior II cm., transverse 11.25 cm 
Labor short, entered the hospital with the fetal head 
in the perineum and spontaneously delivered a living 
infant from left occipito-anterior, weight 5 lb. 11 oz. 

Case 27. White primipara, aged nineteen; justo 
major gynecoid pelvis; anteroposterior 12.5 cm., 
transverse 13 cm. Labor Ist stage 3I hr. 14 min., 2nd 
stage 1 hr. Spontaneous delivery right occipito-an- 
terior living infant, 5 lb. 3 oz. 

Case 28. White primipara, aged thirty-five; slight 
contracted gynecoid pelvis; anteroposterior 10 cm., 
transverse 11.5 cm. Labor Ist stage 1 hr., 2nd stage 4 
hr. 32 min. (left hand prolapsed beside head). Spon- 
taneous delivery, right occipito-anterior living infant, 
weight 7 lb. 4} oz. 

Case 29. Negro primipara, aged seventeen, mild 
toxemia; gynecoid pelvis; anteroposterior 11.5 cm., 
transverse 12.5 cm. Labor Ist stage 27 hr. 1§ min., 
2nd stage 3 hr. 9 min. Low forceps right occipito-an- 
terior living infant, weight 7 |b. 9 oz. 

Case 30. Negro primipara, aged twenty-four, 
toxemia; anthropoid pelvis; anteroposterior 11 cm., 
transverse 11 cm. Labor Ist stage 36 hr. Cervix fully 
dilated by a Voorhees bag. 2nd stage 1 hr. 30 min. 
Mid pelvis Kjelland application of Kjelland forceps. 
O.L.T. living infant, weight 7 |b. 14 oz. 

Case 31. White, para 5, gravida 6, aged twenty- 
five; slight contracted platypelloid pelvis; anteropos- 
terior 10 cm., transverse 13.5 cm. Labor Ist stage 14 
hr. 45 min., 2nd stage 10 min. Spontaneous delivery, 
right occipito-anterior living infant, weight 8 lb. 4 oz. 

Case 32. White, para gravida 6, aged thirty-two; 
gynecoid pelvis; anteroposterior 10.75 cm., trans- 
verse 12.5 cm. Labor Ist stage 7 hr. 30 min., 2nd stage 
30 min. Spontaneous delivery, right occipitopos- 
terior to right occipito-anterior living infant, 7 lb. 4 oz. 

Case 33. Negro, para 5, gravida 6, aged thirty- 
four; android pelvis; anteroposterior 11.25 cm., 
transverse 12 cm. Labor Ist stage 10 hr., 2nd stage 
25 min. Spontaneous delivery O.R.A. living infant, 
weight 8 lb. 

Case 34. Negro primipara, aged fifteen; contracted 
pelvis android tendency; anteroposterior 9g cm., 
transverse 10 cm. Labor Ist stage 22 hr., 2nd stage 
2 hr. Spontaneous delivery O.R.A. living infant, 
weight 6 lb. 8 oz. 

Case 35. Negro primipara, aged eighteen, toxemia; 
gynecoid pelvis; anteroposterior II cm., transverse 
12.25 cm. Labor ist stage 15 hr. 30 min., 2nd stage 
1 hr. 25 min. Spontaneous delivery O.R.A. living 
infant, weight 6 lb. 12 oz. 

Case 36. Negro primipara, aged eighteen; con- 
tracted gynecoid pelvis; anteroposterior 9.25 cm., 
transverse 11 cm. Labor Ist stage 19 hr. 15 min., 2nd 
stage 30 min. Spontaneous delivery O.R.A. living 
infant, weight 7 lb. 43 oz. 

Case 37. Negro primipara, aged thirty-two; gyne- 
coid pelv is: anteroposterior II cm., transverse 12.75 
cm. Labor, precipitant spontaneous delivery of living 
infant. 
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Fic. 3. Pelvic outlines of Cases 37 to 72. 


Case 38. White, para 2, gravida 3, aged thirty- 
seven; slight contracted gynecoid pelvis; antero- 
posterior 10.25 cm., transverse 12 cm. Labor ist 
stage 7 hr., 2nd stage 1 hr. Spontaneous delivery 


O.R.A. living infant, weight 7 Ib. 2 oz. 


Case 39. White, para 1, gravid: 
mild toxemia; gynecoid pelvis; 


cm., transverse I 3 cm. Labor ist stage 6 hr. 
de 


2nd stage 10 min. Spontaneous 
living infant, weight 6 Ib. 7} oz. 


anteropos 


iver 


? 


} } 
7 malt HY n\} } 
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Case 40. White primipara, aged eighteen; gynecoid 
pelvis; anteroposterior 11 cm., transverse 13.5 cm. 
Labor Ist stage 8 hr. so min., 2nd stage 30 min. 
Spontaneous delivery O.R.A. living infant, weight 
lb. 12 oz. 

Case 41. White, para 8, gravida 9, aged forty 
three, obese and toxemic; justo major gynecoid pel- 


vis; anteroposterior I2 cm., transverse 13.5 cm. 
labor ist stage futile uterine contractions over 
period of 3 days during which time she received 25 
gm. MgSO, for hypertension. Finally cervix became 
fully dilated and she spontaneously delivered O.L.A. 
living infant, weight g lb. 8 oz. 

Case 42. Negro primipara, aged twenty-five, tox 
emia; contracted gynecoid pelvis; anteroposterior 


g.2§ cm., transverse 10.75 cm. Labor Ist stage 76 hr., 
2nd stage 3 hr. Deep transverse arrest in mid pelvis 
O.R.T. Kjelland application of Kjelland forceps de- 


vered living infant, weight 6 lb. 12 oz. 
Case 43. Negro, para 2, gravida 3, aged twenty 


three; slightly contracted gynecoid pelvis; antero 
posterior 10.5 cm., transverse 12.25 cm. Labor, Ist 

stage 39 hr., 2nd stage 4 hr. 35 min. Low forceps de 
very O.L.A. living infant, weight 6 lb. 7 oz. 

Case 44. White primipara, aged sixteen; gynecoid 
pelvis; anteroposterior 12.0 cm., transverse 12.5 cm. 
Labor, Ist stage 3 hr., 2nd stage 50 min. Spontaneous 
delivery O.R.A. living infant, weight 6 lb. 1 oz. 

Case 45. Negro primipara, aged seventeen; 
slightly contracted gynecoid pelvis with prominent 
promontory; anteroposterior 10 cm., transverse 12.5 
cm. Labor, Ist stage 24 hr., 2nd stage 1 hr. Spon 
taneous delivery O.R.A. living infant. 

Cast 40. White, para I, gravida 2, aged twenty 
two; slightly contracted gynecoid pelvis; antero- 
posterior | cm., transverse 12 cm. Labor, Ist stage 
26 hr. 45 min., 2nd stage I min. Spontaneous delivery 
O.R.P. living infant, weight 8 |b 43 OZ. 

Case 47. Negro, para 6, gravida 7, aged thirty 


four, toxemia; justo major gynecoid pelv antero 


transverse 12.5 cm. Labor Ist 


posterior I2 cm., 
stage 5 hr., 2nd stage 10 min. Spontaneous delivery 
O.L.A. living infant, weight 9 |b. 12 oz. 

Case 48. Negro, para 2, gravida 3, aged twenty, 
toxemia; slight contracted gynecoid pelvis; antero- 
posterior | cm., transverse I1.¢ cm. Labor, Ist 
stage 19 hr., 2nd stage 10 min. Spontaneous delivery 
O.R.A. living infant, weight 8 Ib. 2 oz. 

Case 49. White, para 1, gravida 2, aged eighteen, 
toxemia; gyne coid pelv IS; anteroposterior 10.75 cm., 
transverse 12.5 cm. Labor, Ist stage 11 hr. 1§ min., 


2nd stage 27 min. Spontaneous delivery O.L.A. living 


nfant, weight 7 |b. 12} oz. (1st labor 48 hr. delivered 
by Kyelland forceps mid pelvis O.L.T. living infant, 
weight 7 lb. 8 oz 

Case 50. Negro, para 4, gravida 5, aged twenty 


four; slightly contracted gynecoid pelvis; antero 
posterior 10.5 cm., transverse 11.25 cm. Labor, Ist 
stage 8 hr., 2nd stage 20 min. Spontaneous delivery 
O.L.A. living infant, weight 5 lb. 13 oz. 

Case $1. Negro, para 4, gravida 5, aged thirty 


four, toxemia; contracted gynecoid pelvis; antero- 
posterior 9-75 cm., transverse 10.25 cm. Labor, Ist 
stage test 33 hr. 50 min. then low cervical cesarean 
section. Fetal head tightly fitted into pelvic brim 
O.R.T. living infant, weight 8 Ib. 8 oz. (AIl of her 
previous children were living.) 

Case 52. White, para 2, gravida 3, aged twenty- 
seven; large android pelvis; anteroposterior 11.5 cm., 
transverse 13 cm. Labor, Ist stage 22 hr. 30 min., 
2nd stage 2 hr. 25 min. Spontaneous delivery O.L.A. 
living infant, weight 8 lb. 82 oz. 

Case 53. White, para 2, gravida 3, aged twenty- 
nine; slightly contracted gynecoid pelvis with promi- 
nent promontory; anteroposterior 9.§ cm., trans- 
verse 11.5 cm. Labor, Ist stage 9 hr. 15 min., 2nd 
stage 31 min. Spontaneous delivery O.L.A. living 
infant, weight 9g lb. 8 oz. 

Case 54. Negro, para 1, gravida 2, aged twenty- 
six; android pelvis; anteroposterior 11.5 cm., trans- 


+ 


verse 12.25 cm. Labor, 1st stage 15 hr. 30 min., 2nd 
stage 2 hr. 35 min. Spontaneous delivery O.L.A. 
living infant, weight g |b. 8 oz. 

Case 55. Negro primipara, aged seventeen, dys- 
trophia dystocia syndrome, obese and toxemic; 
slightly contracted gynecoid pelvis; anteroposterior 
10 cm., transverse 11 cm. Labor, Ist stage 112 hr., 
2nd stage 1 hr. Spontaneous delivery O.R.P. to 
O.R.A. living infant, weight 6 |b. 

Case 56. White, para 2, gravida 3, aged twenty- 
one; justo major gynecoid pelvis; anteroposterior 12 
cm., transverse 12.75 cm. Labor, ist stage 4 hr. 45 
min., 2nd stage 15 min. Spontaneous delivery O.L.A. 
living infant, weight 6 lb. 12 oz. 

Case 57. Negro, para 2, gravida 3, aged twenty 
justo major gynecoid pelvis; anteroposterior 12.25 
cm., transverse 12.75 cm. Labor, 1st stage 11 hr. 40 
min., 2nd stage 10 min. Spontaneous delivery O.L.A. 
living infant, weight 6 Ib. 8 oz. 

Case §8. White primipara, aged seventeen; gyne- 
coid pelvis; anteroposterior 11.5 cm., transverse 13 
cm. Labor, Ist stage 19 hr. 30 min., 2nd stage 2 hr. 
10 min. Spontaneous delivery O.L.A. living infant, 
weight 9g lb. 14 OZ 

Case $9. White primipara, aged fifteen; gynecoid 
pelvis; anteroposterior 11.5 cm., transverse 13.5 cm. 
Labor, Ist stage 10 hr., 2nd stage 1 hr. 10 min. 
Spontaneous delivery O.L.A. living infant, weight 
7 |b. 43 OZ. 

Case 60. White primipara, aged twenty-eight; 
slightly contracted gynecoid pelvis; anteroposterior 
10 cm., transverse 13 cm. Labor, Ist stage 25 hr. 
$5 min., 2nd stage 39 min. Spontaneous delivery 


O.L.A. living infant, weight 4 lb. 4} oz. 

Case 61. White, para 1, gravida 2, aged twenty- 
nine; gynecoid pelvis; anteroposterior 11 cm., trans- 
verse 12cm. Labor, Ist stage 12 hr. § min., 2nd stage 
1 hr. 40 min. Spontaneous delivery O.L.A. living 
infant, weight 10 lb. 62 oz 

Case 62. White, para 2, gravida 3, aged nineteen, 
toxemia and twins; gynecoid pelvis; anteroposterior 
11.§ cm., transverse 13 cm. Labor, Ist stage 17 hr. 
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Kic. 4. Pelvic outlines of Cases 73 to 108. 


§ min., 2nd stage 1 hr. Spontaneous delivery O.L.A. stage 17 hr. 50 min., 2nd stage 2 hr min. Spor 
living female, weight 6 |b. 3 0z., and O.L.A. living taneous delivery O.R.A. living infant, weight § 
male, weight 6 |b. 2 oz. 4 OZ. 

Case 63. White, para 2, gravida 3, aged twenty- Case 64. Negro primipara, aged seventeen, dys 
one; slightly contracted gynecoid pelvis; antero- trophia dystocia syndrome; contracted gynecoid pe 


posterior 10.5 cm., transverse 11.5 cm. Labor, ist vis; anteroposterior 9g cm., transverse 10.5 cm. Labor, 
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Ist stage 63 hr., 2nd stage 2 hr. 5 min. Maternal tem- 
perature 104° F., pulse 180 in spite of fluids and oxy- 
gen. Dead fetus delivered by craniotomy. Weight of 
fetus 6 Ib. 11 oz plus an estimated 20 per cent for 
brains and blood. 

Case 65. Negro, para 1, gravida 2, aged nineteen; 
pelvis android tendency; anteroposterior 11.5 cm., 
transverse 12.5 cm. Labor, 1st and 2nd stages 18 hr. 
Spontaneous delivery O.L.P. to O.L.A. living infant, 
weight 6 lb. 14 oz. 

Case 66. Negro primipara, aged nineteen; anthro- 
poid pelvis; anteroposterior 11.5 cm., transverse 11.5 
cm. Labor, ist stage 15 hr., 2nd stage 4 hr. 27 min. 
Kjelland mid forceps delivery O.L.T. living infant, 
weight 7 lb. 

Case 67. White primipara, aged thirty-four, short 
and stout; slightly contracted gynecoid pelvis; an- 
teroposterior 10 cm., transverse 12.5 cm. Labor, Ist 
stage 38 hr. 30 min., 2nd stage 8 hr. 52 min. Mid 
forceps delivery O.L.P. living infant, weight 7 lb. 
§ OZ. 

Case 68. Negro primipara, aged sixteen; slightly 
contracted gynecoid pelvis; anteroposterior 10.5 cm., 
transverse 12.5 cm. Labor, Ist stage 1g hr., 2nd stage 
8 hr. 18 min. Delay due to large shoulders. Low 
forceps delivery O.L.A. living infant, weight 8 lb. 
6 OZ. 

Case 69. Negro primipara, aged seventeen; an- 
thropoid pelvis; anteroposterior 12.25 cm., trans 
verse 12 cm. Labor, 1st and 2nd stages 6 hr. Spon- 
taneous delivery O.R.A. living infant, weight 6 lb. 
OZ. 

Case 70. Negro primipara, aged twenty-one; 
slightly contracted gynecoid pelvis; anteroposterior 
10.5 cm., transverse 11.5 cm. Labor, Ist stage 46 hr., 
2nd stage 2 hr. so min. Spontaneous delivery O.L.T. 
to O.L.A. living infant, weight 7 Ib. 12 oz. 

Case 71. White primipara, aged eighteen; gyne 
coid pelvis; anteroposterior 11.§ cm., transverse 
12.75 cm. Labor, Ist stage 15 hr. 12 min., 2nd stage 
1 hr. 16 min. Spontaneous delivery O.L.T. to O.L.A. 
living infant, weight 6 lb. § oz. 

Case 72. Negro, para 1, gravida 2, aged twenty 
seven, toxemia; gynecoid pelvis; anteroposterior 
11.75 cm., transverse 12 cm. Labor, Ist stage 11 hr. 
45 min., 2nd stage 8 hr. 35 min. Extension of the fetal 
head, mid pelvis application of Kjelland forceps 
O.R.P. to O.R.A. delivery of stillborn infant, weight 
10 lb. 3 oz. \utopsy of the fetus revealed brain in- 
ury. (History of 1st labor: 1st stage 60 hr., 2nd stage 
s hr. 48 min. Kjelland forceps to fetal head in mid 
pelvis O.L.T. delivery living infant, weight 8 lb. 
OZ.) 

Case 73. Negro, para 3, gravida 4, aged thirty-six; 
slightly contracted gynecoid pelvis; anteroposterior 
10 cm., transverse 11.25 cm. Labor, Ist stage 24 hr., 
2nd stage 15 min. Spontaneous delivery O.L.A. 
living infant, weight 6 lb. 12 oz. 

Case 74. Negro, para 4, gravida 5, aged twenty- 
three, toxemia; slightly contracted gynecoid pelvis; 
anteroposterior 10 cm., transverse 10.75 cm. Labor, 
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Ist stage 2 hr. 40 min., 2nd stage 20 min. Sponta- 
neous delivery O.L.A. living infant, weight 9 lb. 
II OZ. 

Case 75. Negro, para 4, gravida 5, aged twenty- 
seven; gynecoid pelvis; anteroposterior II cm., 
transverse 12.5 cm. Labor, Ist stage 32 hr., 2nd stage 
short. Spontaneous delivery living infant O.L.A., 
7 |b. 3 oz. 

Case 76. Negro primipara, aged sixteen; con- 
tracted gynecoid pelvis; anteroposterior 9 cm., trans- 
verse 11 cm. Labor, Ist stage 33 hr., 2nd stage 1 hr. 
50 min. Spontaneous delivery living infant, weight 
5 lb. 12 oz. 

Case 77. White, para 0, gravida 2, aged eighteen; 
justo major gynecoid pelvis; anteroposterior 12.75 
cm., transverse 13 cm. Labor, Ist stage 17 hr., 2nd 
stage 20 min. Spontaneous delivery O.L.A. living 
infant, weight 8 |b. 

Case 78. White primipara, aged twenty-one; gyne- 
coid pelvis with android tendency; anteroposterior 
12 cm., transverse 12.75 cm. Labor, Ist stage 7 hr., 
2nd stage 31 min. Spontaneous delivery O.L.A. 
living infant, weight 8 lb. 10 oz. 

Case 79. White primipara, aged eighteen; gyne- 
coid pelvis; anteroposterior 12 cm., transverse 13 cm. 
Labor, Ist stage 36 hr., 2nd stage 5 hr. 27 min. Mid 
pelvis Kjelland forceps O.L.T. living infant, weight 
7 Ib. 12 oz. 

Case 80. Negro primipara, aged eighteen; slightly 
contracted gynecoid pelvis; anteroposterior 10.25 
cm., transverse 11.75 cm. Labor, Ist stage 34 hr. 
30 min., 2nd stage 30 min. Spontaneous delivery 
O.L.A. living infant, weight 5 |b. 2 oz. 

Case 81. White primipara, aged fifteen; contracted 
gynecoid pelvis; anteroposterior 9 cm., transverse 
11.5 cm. Labor, Ist stage 52 hr. 28 min., 2nd stage 
1 hr. 56 min. Low forceps delivery O.R.A. living 
infant, weight 7 |b. 6 oz. 

Case 82. White, para 1, gravida 2, aged twenty- 
one; gynecoid pelvis; anteroposterior 11.5 cm., trans- 
verse 12.5 cm. Labor, Ist stage 6 hr. 20 min., 2nd 
stage 27 min. Spontaneous delivery O.R.A. living 
infant, weight 8 lb. 13 oz. 

Case 83. White, para 2, gravida 3, aged twenty- 
one; contracted platypelloid pelvis; anteroposterior 
8.75 cm., transverse 12.75 cm. Labor, 20 hr. without 
engagement, then low cervical cesarean section at 
which there was found a brow presentation occiput 
to the right. Living infant, weight 7 lb. 3} oz. (She 
had had two previous difficult spontaneous deliveries, 
both babies were small.) 

Case 84. Negro primipara, aged sixteen; gynecoid 
pelvis; anteroposterior II.§ cm., transverse cm. 
Labor, Ist stage 42 hr., 2nd stage 2 hr. 40 min. Spon- 
taneous delivery O.L.A. living infant, weight 5 Ib. 
2 OZ. 

Case 85. Negro, primipara, aged nineteen; 
slightly contracted pelvis android tendency; antero- 
posterior 10.5 cm., transverse 11.5 cm. Labor, Ist 
stage 40 hr. 20 min., 2nd stage 28 min. Spontaneous 
delivery O.R.A. living infant, weight 5 lb. 2 oz. 


\ 
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Case 86. Negro primipara, aged seventeen; 
slightly contracted gynecoid pelvis, android ten- 
dency; anteroposterior 10 cm., transverse 12.25 cm. 
Labor, 1st stage 22 hr. 45 min., 2nd stage 30 min. 
Spontaneous delivery O.L.A. living infant, weight 
9 |b. 

Case 87. White, para 1, gravida 2, aged twenty- 
three; gynecoid pelvis; anteroposterior 10.5 cm., 
transverse 12.75 cm. Labor, Ist stage 6 hr. 30 min., 
2nd stage 34 min. Spontaneous delivery O.R.A. liv- 
ing infant, weight 6 lb. 

Case 88. Negro primipara, aged eighteen; anthro- 
poid pelvis; anteroposterior 12 cm., transverse 12 cm. 
Labor, 1st stage 36 hr. 30 min., 2nd stage 40 min. 
Spontaneous delivery O.R.P. to O.R.A. living infant, 
weight 7 |b. 12 oz. 

Case 89. Negro primipara, achondroplastic dwarf, 
aged twenty-four, brought to hospital after 50 hr. of 
labor, anemic, eclamptic, neglected, and fetus in 
poor condition; large fetus and platypelloid pelvis; 
anteroposterior 8.5 cm., transverse 11.5 cm. Delivery 
by craniotomy infant, weight 8 lb. 6 oz. plus esti- 
mated 20 per cent for brains and blood. Uterus 
packed, mother died on sixth day, autopsy revealed 
infarct of the posterior lobe of the pituitary gland, 
anemia, fatty degeneration of the liver, pulmonary 
congestion and edema. 

Case go. Negro primipara, aged sixteen; gynecoid 
pelvis; anteroposterior II cm., transverse 12 cm. 
Labor, ist stage 36 hr., 2nd stage 1 hr. 30 min. Spon- 
taneous delivery O.R.P. to O.R.A. living infant, 
weight 6 lb. 6 oz. 

Case gt. Negro primipara, aged twenty-five; 
gynecoid pelvis; anteroposterior II cm., transverse 
11.5 cm. Labor, 1st stage 30 hr., 2nd stage 2 hr. 
Spontaneous delivery O.L.P to O.L.A. living infant, 
weight 7 Ib. § oz. 

Case 92. Negro primipara, aged twenty; slightly 
contracted gynecoid pelvis; anteroposterior 10 cm., 
transverse 11.75 cm. Labor, Ist stage 20 hr., 2nd 
stage 2 hr. 15 min. Spontaneous delivery O.R.A. 
living infant, weight 6 lb. 4 oz. 

Case 93. White, para 2, gravida 3, aged twenty; 
gynecoid pelvis; anteroposterior 10.5 cm., transverse 
12.25 cm. Labor, Ist stage 12 hr. 20 min., 2nd stage 
30 min. Spontaneous delivery O.L.A. living infant, 
weight 6 lb. 14 oz. 

Case 94. White primipara, aged sixteen, short fat 
type, hereditary; slightly contracted gynecoid pelvis; 
anteroposterior 10.25 cm., transverse 12.75 cm. 
Labor, 30 hr. test, then low cervical cesarean sec- 
tion. Delivery of living infant, weight 6 lb. 1 oz. 

Case 95. Negro, para 6, gravida 7, aged twenty- 
eight; gynecoid pelvis; anteroposterior 10.75 cm., 
transverse 12 cm. Labor, Ist stage 23 hr., 2nd stage 
25 min. Spontaneous delivery O.R.A. living infant, 
weight 7 Ib. 11 oz. 

Case 96. Negro, para 2, gravida 3, aged twenty- 
seven, toxemia; slight contracted gynecoid pelvis; 
anteroposterior 10 cm., transverse 10.75 cm. Labor, 
Ist stage 77 hr., 2nd stage 5 hr. 25 min. Mid forceps 
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O.R.P. stillborn infant, weight 9 |b. 5 oz. Autopsy: 
brain injury 

Case 97. Negro, para 1, gravida 2, aged twenty 
nine; anthropoid pelvis; anteroposterior 12 cm., 
transverse 12 cm. Labor, ist stage 48 hr., 2nd stage 
30 min. Spontaneous delivery O.L.P. to O.L.A. 
living infant, weight 8 lb. 12 oz. 

Case 98. Negro primipara, aged twenty; slightly 
contracted gynecoid pelvis; anteroposterior 10.5 cm., 
transverse 12 cm. Labor, Ist stage 79 hr. at home 
with several vaginal examinations. Membranes rup 
tured and infection of amniotic fluid, dead fetus de 
livered by craniotomy, mother died suddenly six 
hours later. Autopsy: bilateral pulmonary emboli, 
streptococcus found in vaginal culture. 

Case 99. Negro primipara, aged nineteen; slightly 
contracted gynecoid pelvis; anteroposterior 9.75 cm., 
transverse 11 cm. Labor, Ist stage 30 hr., 2nd stage 
6 hr. Kjelland forceps delivery O.R.T. living infant 
weight 5 lb. 6 oz. 

Case 100. Negro, para 2, gravida 4, aged twenty; 
slightly contracted gynecoid pelvis; anteroposterior 
10 cm., transverse 12.5 cm. Labor, Ist stage 56 hr., 
2nd stage 2 hr. 20 min. Spontaneous delivery O.L.A. 
living infant, weight g lb. 

Case 1o1. Negro primipara, aged sixteen; anthro 
poid pelvis; anteroposterior 12.25 cm., transverse 12 
cm. Placenta previa marginalis treated by rupture of 
the membranes. Labor, Ist stage 12 hr. 20 min., 2nd 
stage 20 min. Spontaneous delivery O.L.A. living 
infant, weight 5 lb. 4 oz. 

CasE 102. White primipara, aged eighteen; gyne 
coid pelvis; anteroposterior 11 cm., transverse 13.75 
cm. Labor, ist stage g hr. 3c 
Spontaneous delivery O.R.A. living infant, 7 

Case 103. Negro, para 3, gravida 4, aged thirty, 
toxemia; gynecoid pelvis; anteroposterior 12 cm., 
transverse 12.5 cm. Labor, Ist stage 7 hr., 
1 hr. 10 min. Breech delivery, macerated fetus, 
weight 6 |b. 2 oz. 

Case 104. White, para 4, gravida $, aged twenty 
nine; malformed gynecoid pelvis; anteroposterior 
11.7§ cm., transverse 12.5 cm. Labor Ist stage 36 
hr., 2nd stage 1 hr. 10 min. Spontaneous delivery 
O.L.A. living infant, weight 4 |b. 54 oz. 

Case 105. White primipara, aged twenty; gynecoid 
pelvis; anteroposterior 11.75 cm., transverse 13.25 
cm. Labor, Ist stage 8 hr., 2nd stage 1 hr. 48 min. 
Spontaneous delivery O.L.A. living infant, weight 
6 lb. 10 oz. 

Case 106. Negro primipara, aged sixteen, toxemia; 
slightly contracted anthropoid pelvis; anteroposte 
rior 10.75 cm., transverse 10.5 cm. Labor, Ist stage 
12 hr. 10 min., 2nd stage 10 
livery O.L.A. living infant, weight 5 |b. 4 oz. 

Case 107. White primipara, aged fifteen; gynecoid 
pelvis with narrow outlet; anteroposterior 11 cm., 
transverse 12.25 cm. Labor, ist stage 58 hr. 5 min., 
2nd stage 53 min. Low forceps delivery after rotation 
O.R.P. to O.R.A. living infant, weight 6 lb. 12} oz. 

Case 108. Negro primipara, aged twenty-one, tox- 
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b. 6 OZ 


2nd stage 


min. Spontaneous de 


| 
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emia; contracted anthropoid pelvis; anteroposterior 
10 cm., transverse 10 cm. Labor, Ist stage 13 hr., 2nd 
stage § hr. 20 min. Kjelland mid forceps O.L.T., 
infant died following cerebellar injuries. 

Case 109. Negro, para 2, gravida 3, aged twenty; 
anthropoid pelvis; anteroposterior I1 cm., transverse 
11 cm. Labor, Ist stage 23 hr. 30 min., 2nd stage 
30 min. Spontaneous delivery O.L.A. living infant, 
weight 6 lb. 6 oz. 

Case 110. Negro primipara, aged seventeen, pye- 
litis of pregnancy and anemia; justo major gynecoid 
pelvis; anteroposterior 12.5 cm., transverse 13 cm. 
Labor, Ist stage irregular contractions for 72 hr., 2nd 
stage 3 hr. Mid forceps delivery O.L.A. living infant, 
weight 9 lb. 4 OZ. 

Case 111. Negro primipara, aged seventeen, tox- 
emia; anthropoid pelvis with narrow outlet; antero- 
posterior 12 cm., transverse 12 cm. Labor, Ist stage 
16 hr., 2nd stage 2 hr. Spontaneous delivery O.L.A. 
living infant, weight 6 lb. 7 oz. 

Case 112. White, para 4, gravida 5, aged thirty- 
six; contracted android pelvis; anteroposterior 9.5 
cm., transverse 12 cm. Labor, Ist stage 16 hr., 2nd 
stage 1 hr. Spontaneous delivery O.R.A. living in 
fant, 5 lb. 12 oz. 

Case 113. Negro primipara, aged fifteen; slightly 
contracted gynecoid pelvis; anteroposterior 10.75 
cm., transverse 11.75 cm. Labor, Ist stage 3 hr., 
2nd stage 2 hr. plus. Mid Kjelland forceps delivery 
O.L.T. living infant, weight 7 lb. 8 oz. 

Case 114. Negro, para 4, gravida 5, aged twenty- 
seven, toxemia; slight contracted gynecoid pelvis; 
anteroposterior 10.§ cm., transverse 11.75 cm. Labor, 
Ist stage 24 hr., 2nd stage 2 hr. Spontaneous delivery 
O.R.T. to O.R.A. living infant, weight 5 lb. 8 oz. 

Case 115. Negro primipara, aged eighteen, tox 
emia; gynecoid pelvis with narrow outlet; antero 
posterior 11 cm., transverse 11.75 cm. Labor, Ist 
stage 56 hr., 2nd stage 5 hr. 15 min. Kjelland applica 
tion of Kjelland forceps O.R.P. in mid pelvis, de 
livery living infant, weight 6 lb. 9 oz. This fetal head 
rotated from O.L.P. to O.P. to O.R.P. 

Case 116. White primipara, aged twenty-six; pel 
vis tendency to android; anteroposterior 10.75 cm., 
transverse 11 cm. Labor, Ist stage 14 hr., 2nd stage 
21 min. Spontaneous delivery O.R.T. to O.R.A. 
living infant, weight 6 lb. 33 oz. 

Case 117. White primipara, aged seventeen, fe- 
male type; pelvis android tendency, very narrow out 
let; anteroposterior 11.25 cm., transverse 11.75 cm. 
Labor, Ist stage 27 hr., 2nd stage 7 hr. 45 min. Mid 
pelvis Kjelland application of Kjelland forceps 
O.L.P. delivery of living infant, weight 6 |b. 3 02z., 
temporary facial paralysis of fetus. 

Case 118. White, para 1, gravida 4, aged seven 


teen, had previous low cervical section; gynecoid 


pelvis; anteroposterior 11.2$ cm., transverse 1} cm 
Labor, ist stage 18 hr. 56 min., 2nd stage 1 hr. Spon 
taneous delivery O.L.A. living infant, weight 7 lb. 
23 OZ. 


Case 119. White primipara, aged eighteen; gyne 
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coid pelvis narrow outlet; anteroposterior 12 cm., 
transverse 12.25 cm. Labor, Ist stage 33 hr. 30 min., 
2nd stage 10 min. Spontaneous delivery O.L.A. small 
macerated fetus, dead for several days. 

Case 120. Negro, para 4, gravida 5, aged thirty- 
three; contracted pelvis android tendency; antero- 
posterior 9.5 cm., transverse 11 cm. Labor, Ist stage 
7 hr., 2nd stage 9 hr. 49 min. Dead fetus transverse 
with elbow presenting, weight 7 |b. 7 oz. delivered by 
version and extraction. 

Case 121. Negro, para 5, gravida 6, aged thirty- 
five; gynecoid pelvis; anteroposterior 10.5 cm., trans- 
verse 13 cm. Labor, Ist stage 13 hr., 2nd stage 52 
min. Spontaneous delivery O.L.A. living infant, 
weight é lb. 14 OZ. 

Case 122. White, para 3, gravida 4, aged twenty- 
four, familial obesity; justo major gynecoid pelvis 
slight android tendency; anteroposterior 12.25 cm., 
transverse 14.25 cm. Labor induced, Ist stage 3 hr. 
30 min., 2nd stage 12 min. Spontaneous delivery 
O.L.A. living infant, weight 10 |b. 13 oz. 

Case 123. White primipara, aged twenty; slightly 
contracted gynecoid pelvis; anteroposterior 10.25 
cm., transverse 12 cm. Labor, Ist stage 22 hr., 2nd 
stage 6 hr. Low forceps delivery O.R.A. living infant, 
weight g lb. 6 oz. 

Case 124. Negro primipara, aged seventeen, tox- 
emia; slightly contracted anthropoid pelvis; antero- 
posterior 10.75 cm., transverse 10.75 cm. Labor, Ist 
stage 26 hr. 30 min., 2nd stage 2 hr. 30 min. Sponta- 
neous delivery O.R.A. living infant, weight 6 lb. 1 oz. 

Case 125. Negro primipara, aged eighteen, tox- 
emia; slightly contracted gynecoid pelvis; antero- 
posterior 10.5 cm., transverse 12 cm. Labor, Ist stage 
10 hr. 30 min., 2nd stage 1 hr. Spontaneous delivery 
O.R.A. living infant, weight 7 Ib. 4 oz. 

Case 126. Negro, para 1, gravida 2, aged nineteen; 
slightly contracted gynecoid pelvis; anteroposterior 
10.§ cm., transverse 12 cm. Labor, 32 hr. 10 min., 
test, head engaged, cervix dilated 4 cm. Low cervical 
cesarean section, living infant, weight 7 lb. 1 oz. 
This patient had postpartum eclampsia. (Her Ist 
labor, Ist stage 32 hr. 10 min., 2nd stage 1 hr. 45 min. 
Spontaneous delivery living infant, weight 7 lb. 4 0z.) 
This patient might have delivered the 2nd time with 
the use of the Voorhees bag to dilate the cervix. 

Case 127. Negro primipara, aged twenty-two, 
short obese type; contracted pelvis android tendency 
with narrow outlet; anteroposterior 9.75 cm., trans- 
verse 10.5 cm. Labor, 1st stage 17 hr. 45 min., 2nd 
stage 1 hr. 10 min. Spontaneous delivery O.R.A. 
living infant, weight 7 lb. 

Case 128. Negro primipara, aged eighteen; Nagele 
pelvis; anteroposterior 9.75 cm., transverse 10.5 cm. 
Labor, ist stage 32 hr., 2nd stage 5 hr. §5 min. Mid 
pelvis application Kjelland forceps O.L.A. delivery 
living infant, weight 5 lb. 9 oz., with fetal head 
biparietal diameter 9 cm. and suboccipital bregmatic 
diameter 8 cm. 

Case 129. Negro, para 4, gravida 5, aged thirty- 
six, diabetes and marked toxemia; contracted platy- 
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Fic. 5. Pelvic outlines of Cases 109 to 138. 


pelloid pelvis; anteroposterior 8.5 cm., transverse 12 
cm. She had given birth to 3 babies spontaneously 
weighing from 6 lb. 1 oz. to 7 |b. Labor, membranes 
ruptured 22 hr., head engaging, cervix dilated 4 cm. 
Low cervical cesarean section delivery, living in- 
fant, brow presentation, weight 9 lb. 7 oz. The 
mother died suddenly the next day, autopsy not 
granted. 

Case 130. Negro, para 1, gravida 2, aged thirty, 
with multiple large fibromyomas; anthropoid pelvis 
narrow outlet; anteroposterior 11 cm., transverse 11 
cm. Labor, 1st stage 14 hr., 2nd stage 50 min. Spon- 
taneous delivery complete occiput posterior living 
infant, weight 6 Ib. 3 oz. 


Case 131. White, para 1, gravida 2, aged thirty 


eight, short stout; pelvis android tendency, narrow 


outlet; anteroposterior 12.25 cm., transverse 13.25 
cm. Labor, 20 hr. test then low cervical cesarean 
section delivery living infant, weight 5 lb. 8 oz. 

Case 132. Negro primipara, aged seventeen; con 
tracted gynecoid pelvis; anteroposterior 9.5 cm., 
transverse 10.75 cm. Labor, Ist stage 15 hr. 30 min., 
2nd stage 2 hr. 30 min. Spontaneous delivery living 
infant, weight 6 lb. 8 oz. 

Case 133. White, para 5, gravida 6, aged thirty 
six, cardiac patient recently decompensated; large 
gynecoid pelvis android tendency; anteroposterior 
12 cm., transverse 13.5 cm. Labor, medical induction 
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Ist stage 2 hr. 30 min., 2nd stage 35 min. Sponta- 


neous delivery O.L.A. living infant, weight 6 lb. 4 oz.. 


Case 134. White, para 1, gravida 2, aged twenty- 
nine; gynecoid pelvis; anteroposterior 11 cm., trans- 
verse 13 cm. Outline of head hidden behind pelvic 
brim. Labor, 20 hr. test, then low cervical cesarean 
section delivery of living hydrocephalic infant, 
weight 9 lb. 8 oz., with extremely hard head. The 
parents refused the operation of choroid cauteriza- 
tion but consented one month later when the head 
had grown enormously and the operation proved fatal. 

Case 135. White primipara, aged eighteen, dys- 
trophia dystocia syndrome with toxemia; gynecoid 
pelvis; anteroposterior II cm., transverse 12.75 cm. 
Labor, Ist stage 31 hr. 24 min., 2nd stage 7 hr. 24 
min. Mid pelvis Kjelland application of Kjelland 
forceps O.L.T. delivery living infant, weight 8 lb. 
152 oz. 

Case 136. Negro primipara, aged twenty-one, tox- 
emic; contracted pelvis android tendency; antero- 
posterior g cm., transverse II.25 cm. Labor, Ist stage 
20 hr., 2nd stage 2 hr. 30 min. Mid pelvis Kjelland 
application of Kjelland forceps O.L.T. delivery living 


] 


infant, weight 7 |b. 15 oz. (delivery required five 


45 second tractions at intervals of a minute and a 
half with measured pull of 115 lb. The infant, un- 
injured, breathed spontaneously). 

Case 137. White primipara, aged nineteen, tox- 
emia with generalized edema; pelvis android ten- 
dency with narrow outlet; anteroposterior 11 cm., 
transverse 12 cm. Labor, Ist stage 23 hr., 2nd stage 
4 hr. Mid pelvis Kjelland application of Kjelland 
forceps O.L.T. delivery living infant, weight 7 |b. 3 oz. 

Case 138. Negro primipara, aged sixteen, toxemia; 
anthropoid pelvis with android tendency, narrow 
outlet; anteroposterior 11.25 cm., transverse II cm. 
Labor, Ist stage 7 hr., 2nd stage 1 hr. 55 min. Spon- 
taneous delivery direct occiput posterior living in- 
fant, weight 6 lb. 12 oz. 


CONCLUSIONS 


An analysis of these cases shows that 
while each patient in labor must still be in- 
dividualized, enough information may be 
obtained from the single grid film to prog- 
nosticate delay definitely due to fetopelvic 
disproportion. The method’s freedom from 
technical error, its ease of performance by 
any technician and its economy (a single 8 
by 10 inch film) warrant its wider use not 
only in private practice, but also in the 
clinic, where its use in all doubtful cases 
practically doubles the amount of scientific 
information ordinarily available. Specifi- 
cally: 

(1) If there is a free space 1 cm. wide 
between the image of the fetal head and 
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that of the pelvic inlet, there should be 
no pelvic interference with labor unless the 
iliac spines markedly protrude into the 
pelvis as in Cases 117 and 130. 

(2) Thoms‘ and others have shown that 
the length of the suboccipitobregmatic di- 
ameter is very nearly equal to that of the 
biparietal, while the occipitofrontal dia- 
meter is much longer. Therefore, for prac- 
tical purposes, when the image of the fetal 
head approaches the circle, it is to be as- 
sumed that the view of the head is that of 
marked flexion, and one can assume that it 
is engaged or engaging, while if the image is 
markedly oval, the head must be extended, 
and one can assume that it is still floating. 
A diagnosis of floating head is evident if the 
borders overlap the pelvic brim in the 
roentgenogram. 

(3) Now if the head is thus seen to float 
high, one must assume that its image is 
relatively larger than actual, and this must 
be taken into account in predicting the out- 
come of these relatively few cases. 

(4) The most important observation 
made in this study is that if the conjugata 
vera is 9 cm. or more, a test of labor should 
be allowed, and in most cases the outcome 
should be successful. A test of labor ordi- 
narily should include uterine contractions 
of forty seconds’ duration recurring every 
two to five minutes for twenty to twenty- 
four hours. At the end of that time, the 
head should be at least in midpelvis. If not, 
and if no vaginal examination has been 
made, it has been shown that the lower 
cesarean section operation is quite safe. 
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SYPHILITIC ULCER ON THE GREATER 
CURVATURE OF THE STOMACH 
REPORT OF A CASE 
By DAN B. ABEGG 


Assistant X-Ray Department, Academic Hospital (Director, Dr. D. F. Steenhuis 
LEIDEN, HOLLAND 


N a paper published in 1931, Sproull® 

gives a critical consideration of 24 cases 
of gastric ulcer on the greater curvature of 
the stomach described by David and 3 
cases described by Blaine. He comes to the 
following conclusions: 

1. The roentgenological diagnosis of a 
benign peptic ulcer on the greater curva- 
ture is not possible. 

2. Many ulcers are described as located 
on the greater curvature although they are 
situated either on the anterior or posterior 
wall. 

3. The diagnosis can be absolutely cer- 
tain only when confirmed by histological 
examination. 

4. Every alteration in the contour of the 


Fic. 1 


greater curvature must be considered as 
suspicious of cancer and a dietary treat 
ment not permitted. 

Only in the case of syphilis does he make 
an exception. 

As to his conclusions, it seems that others 
have also to deal with these difficulties and 
have looked for typical signs by which it 
may be possible to differentiate between a 
benign ulcer and a malignant lesion. 

Gutzeit and Kuhlmann! published their 
findings on this subject. They describe two 
signs which should be typical for an ulcer 
on the greater curvature: (1) an overlapping 
of the ulcer by the surrounding mucosal 
folds which gives a double contour on the 
film; (2) a transverse fold arising from the 
ulcer and crossing the normal longitudinal 
folds. The first sign should be seen only in 
recent ulcers, while the second should ap 
pear in ulcers of longer standing. According 
to these authors the presence of the signs 
depends on the greater or lesser fixation 
of the mucosa to the under layer and the 
elasticity of the mucosa itself. Infiltration 
of the mucosa would thus exclude the signs. 


Among the patients who came to our 


clinic in 1938 there was one case which we 
diagnosed as an ulcer on the greater curva 
ture which turned out to be an error. 


The patient, G. M., female, married, came té 
our clinic on February 16, 1938, because of gas 
tric pain from which she had suffered sinc 
October, 1937. The pains were localized in the 
upper part of the abdomen and sometimes 11 
the back. They appeared in attacks and wer 
very violent. They had no relation to meals. 
During the two previous months the attacks 
had grown worse so that she now suffered the 
whole day and night. She often vomited a muc 
ous fluid, never acid or blood. No pyrosis. Sh 
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felt very weak and had lost weight. Defecation 
was regular once a day; the feces had never 
looked black. Micturation undisturbed. Men- 
strual history irrelevant. On general examina- 
tion no abnormalities were found in the heart 
and lungs; pulse 72, blood pressure 105/70. In 
the epigastrium there was a tender spot, witha 
slight muscle spasm. No abnormal findings in 
the blood or urine. The Wassermann test was 
not done. The benzidine test was negative. In 
the fasting gastric juice there was no free hydro- 
chloric acid or other acids. A few days after the 
first examination there seemed to be a palpable 
tumor to the left above the umbilicus. With a 
tentative diagnosis of tumor the patient was 
sent to us for roentgenological examination. 

On roentgenoscopic examination the stomach 
appeared rather small. On the greater curvature 
appeared a large niche. From the cardia and 
lesser curvature two wide mucosal folds ex- 
tended to the niche. A very large one crossed 
the whole width and seemed to divide the stom- 
ach in two parts. At the end of this fold there 
were two circular light spots (Fig. 1). We did 
not see evident peristaltic waves and palpation 
showed a rather slight rigidity. The passage was 
through After four 
hours the stomach was empty, except for a 
small quantity of barium in the niche. 

With regard to the niche and the transverse 
folds as we knew them from the publication of 
Gutzeit and Kuhlmann we made a diagnosis of 


free the entire stomach. 


gastric ulcer on the greater curvature and ad- 
vised operation. This was performed. A gastric 
resection (Billroth 11) was carried out. During 
operation the surgeon could not discover any 
deformity on the outside of the stomach except 
a slight rigidity. After operation the Wasser- 
mann reaction was 2 plus. The patient was sub- 
mitted to an antisyphilitic treatment and made 
an uninterrupted recovery. We kept her under 
opservation for nine months and she is still in 
perfect condition. 

The pathologic examination of the resected 
part showed ulcer of the mucosa on the greater 
curvature with infiltrated tissue all around it. 
On the oral side there was a wide mucosal fold. 
Microscopic examination showed inflammatory 
infiltration of the mucosa with leukocytes and 
plasma cells. Syphilis (?). 


When we consider the roentgenological 
findings in our case with the peculiarities 
Gutzeit and Kuhlmann observed in theirs, 


,No.s  Syphilitic Ulcer on the Greater Curvature of the Stomach 


2. 


it seems that the same irregularities can be 
found in syphilitic ulcers with strongly in- 
filtrated mucosa. They explain these folds 
as due to the loose attachment of the muc- 
ous membrane to the deeper layers and the 
less tense condition of the mucosa. But con- 
sidering our case, it seems to me thata 
loose attachment cannot be the sole cause 
as we saw the same peculiarities in a 
strongly infiltrated mucosa. Moreover, the 
signs Gutzeit and Kuhlmann called atten- 
tion to may be absent in histologically con- 
firmed peptic ulcers on the greater ¢urva- 
ture (see Van Buchem). 

The reason that we did not consider the 
possibility of syphilis may be the fact that 
syphilis of the stomach is extremely rare in 
this country. This is a single case in three 
years with an average of 1,600 gastroin- 
testinal examinations a year. Finally, we 
come to the conclusion that the roentgen 
signs of Gutzeit and Kuhlmann are not 
characteristic of all ulcers of the greater 
curvature. 
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SOME PHYSIOLOGICAL CHANGES IN THE 
SKIN PRODUCED BY NEUTRONS* 


By JOHN C. LARKIN, M.D. 
Research Associate, Crocker Radiation 
Laboratory, University of California 
BERKELEY, CALIFORNIA 


HIS study of the response of the skin 

and its minute vessels to neutron ir- 
radiation was undertaken to elucidate some 
of the physiological changes in the skin pro- 
duced by neutron irradiation, though the 
exact chemical nature of these changes is 
unknown. This in turn may lead to an 
understanding of some effects of irradiation 
in normal and cancer tissue and is, there- 
fore, of considerable importance to the 
radiologist. Lewis and Zotterman’® studied 
the effect of ultraviolet irradiation on skin 
capillaries, but to date the effect of irradia- 
tion used in cancer therapy on the minute 
vessels of the skin has never been reported. 
The neutron radiation was produced by the 
60 inch Berkeley cyclotron. The skin is a 
most available structure, is easy to observe 
from day to day, and quite accessible for 
injecting chemical substances. The physio- 
logical reactions here include vasodilatation 
and vasoconstriction of the capillaries, 
changes in their sensitivity produced by the 
irradiation, changes produced by injecting 
chemical substances into the skin itself, and 
skin temperatures. 

When the skin is subjected to injury its 
response is much the same regardless of the 
nature of the injury or the manner in which 
it is produced. Injuries may be produced by 
heat, cold, inflammation of bacterial origin, 
the Faraday current, the injection of chem- 
ical substances, a blow from an object, 
ultraviolet rays, roentgen rays or neutrons. 
Whether or not reddening, the erythema, 
appears depends only on the state of the 
minute vessels of the skin. If some refrac- 
tive oil is placed on the skin and then 
illuminated with an intense light and ob- 
served with a binocular microscope, the 
minute vessels can be seen when dilated. 


One should also filter out the infra-red rays 
to prevent undesired reactions resulting 
from the heat absorbed. Under normal con- 
ditions the capillaries are not observed but 
if the skin is stimulated, causing the vessels 
to dilate, they are seen standing up per- 
pendicular to the skin, running towards the 
surface and returning to the deeper struc- 
tures, forming a loop. At the base of the 
loop one sees an extensive network of ves- 
sels, the subpapillary plexus, which are of 
the same caliber but somewhat deeper in 
the skin. At a glance it is evident that the 
presence or absence of these dilated capil- 
laries determines whether or not the skin 
appears erythematous. The red color of the 
skin is mostly due to the vessels in the sub- 
papillary plexus, as they are ten times more 
numerous than the capillary loops. 

While it is true that the erythema will 
appear during the time the skin is reacting 
to-injury, there is a great variation in the 
time of its appearance and also in the time 
required for healing to take place. In the 
case of erythemas produced by heat and 
cold, a scratch, or a mechanical blow, the 
reddening will be seen in a few seconds. 
Those produced by the ultraviolet rays 
appear in a few hours, and those with 
roentgen rays in a few weeks. 


METHODS FOR STUDYING THE ERYTHEMA 
PRODUCING VASODILATATION AND 


RELATIVE PHENOMENA 


The drawing of a pointed object over the 
surface of the skin is called the scratch test, 
and in a normal individual causes a definite 
series of events to take place. There is first 
the so-called white reaction appearing as a 
white line where the stimulus has been 
given. It is caused by the mechanical 


* The neutron therapy is aided by a grant from the National Cancer Institute 
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stretching of the walls of the endothelial 
tubules in the skin. This is a protective 
mechanism for preventing injurious dilata- 
tion of capillaries, causing them to con- 
strict once they are stretched by the blood 
in their lumina beyond a certain limit. 

If a very light stimulus is given this may 
be the sole reaction; however, as a rule a 
red line extending somewhat beyond the 
limits of the white reaction soon replaces it. 
This so-called red reaction results from the 
liberation of a chemical substance generally 
believed to be similar to the histamine 
formed by injured cells. Irradiation may 
also injure cells and cause the formation 
of a histamine-like substance (Ellinger?), 
which in turn causes vasodilatation and the 
appearance of the erythema. Holtz,’ using 
ultraviolet light, irradiated solutions of the 
amino acid histidine, and actually obtained 
very small quantities of the vasodilative 
substance histamine. Histidine has been 
found in high concentrations in the skin by 
Jono.‘ It is only necessary for the irradia- 
tion to cause decarboxilization of histidine 
to get histamine, as was suggested by 
Ellinger.* 

Later a more diffuse reddening, called the 
flare, is seen just outside this red reaction, 
extending out many millimeters or even 
centimeters. The local color of the red re- 
action is due to dilatation of the minute 
vessels, and the flare to a dilatation of the 
arterioles. The flare is called forth by a 
nervous mechanism. 

When one presses firmly on making the 
scratch test, or even lightly on persons with 
factitious urticaria, there will appear still 
another reaction. In place of the white re- 
action there will appear a narrow band of 
local edema, causing an elevation of several 
millimeters in the skin. This edema results 
from an outpouring of fluid by the minute 
vessels into the interstitial spaces, causing 
pressure on these minute vessels and their 
collapse. This makes the skin in the narrow 
edematous line appear pale. The transuding 
fluid soon diffuses into the surrounding 
tissues and the wheal fades. The wheal ap- 
pears only in the precise area where the red 
reaction will appear. 
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If one places a drop of 1:300 histamine 
solution on‘the skin of a normal individual 
and pricks the skin through it, there ap- 
pears a reddened area and soon afterwards 
a raised edematous wheal is formed in its 
center. If only a small amount of histamine 
is used only the red reaction will be seen, 
indicating dilatation only of the minute 
vessels, but if a larger amount is used there 
will be in addition a pouring out of fluid 
into the interstitial spaces and the forma. 
tion of the wheal. On the other hand, if one 
uses a drop of adrenalin or pituitary ex 
tract on the skin there will be instead a 
constriction of the minute vessels. Hista 
mine is much more powerful as a vaso 
dilator than adrenalin and pituitrin are as 
vasoconstrictors and can easily overcome 
their pharmacological actions. 

This paper is an application of this well 
known physiology and pharmacology, dis 
cussed in great detail by Sir Thomas Lewis, 
to the special case of the effects of neutrons 
on the capillaries of the skin. This work was 
carried out during the past six months 
on cancer patients being treated with 
neutrons at the Crocker Radiation Labora 
tory of the University of California at 


Berkeley. 


APPLICATION OF 
IRRADIATED 


rESTS 
AREAS 


ro 


An erythematous area is selected, prefer 
ably one where there is considerable soft 
tissue so that the walls of the minute vessels 
may be easily stretched. The gluteal fields 
of patients who are being treated for cancer 
of the prostate have proved ideal. A pointed 
instrument is drawn through the irradiated 
area and on into the non-irradiated area, 
the latter serving as a control. Immediately 
a white line will be seen extending through 
out the erythematous and control regions. 
After a few seconds the red reaction appears 
in the control, but the white reaction may 
persist in the erythematous skin until all 
vestige of it disappears in the control area 
(Fig. 1). On occasions when the erythema is 
slight it is possible to determine the edges of 
the treated field by this scratch test. 
A rapid transition from white line to red 
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ic. 1. (top) Usual scratch test seen running through 


ervthematous area. The scratch test on the ex 
treme left was made immeciately before the 
picture was taken and shows a marked white re 
action in both the control and irradiated areas, not 
sufficient time having elapsed for the later re 
actions to take place There 1S also a flare seen 1n 
all control areas. 

The two mesial scratch tests were made thir 
teen and fifteen minutes before the lateral test. 
They all show a persistence of the w hite reaction 
in the irradiated areas. There is a complete Cis- 
appearance of the white reaction in the control 
area of the mesial tests, the white reaction being 
completely replaced by the red reaction. In the 
lateral test the white reaction can be seen in the 
contiol areas. 
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Fic. 2. (4ottom) Scratch tests in patient with facti- 


tious urticaria. The lateral test was made fifteen 
minutes before the picture was taken. In it the 
early reactions have disappeared in the irradiated 
area, but the wheal is still present in the control 
area. There is no flare at this time. The reddening 
on the mesial side appeared only after the flare 
was formed in the other test. 

The mesial test was made just before the picture 
was taken. It also has a wheal in the control area, 
but the white reaction is still present in the irradi- 
ated area to show the area has also been stimu- 
lated. There is a striking difference between the 
white reaction and the edematous wheal. The 
flare is seen in both the control and irradiated 
areas, though it is less marked in the latter. 


' 
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line is seen at the junction of the irradiated 
and non-irradiated fields. This indicates a 
change in the response of the minute ves- 
sels in the irradiated area. From this one 
may conclude irradiation either increases 
the sensitivity of the walls of the endo- 
thelial tubules to the scratch test, bringing 
about the abnormal white reaction, or else 
there is an overcoming of the histamine re- 
action so that vasoconstriction persists. 
One must of course assume here that vaso- 
dilative histamine-like substances are an- 
tagonistic to the vasoconstrictive mecha- 
nism, and whether there is vasoconstriction 
or vasodilatation is determined by which 
effect dominates. This overcoming of the 
histamine reaction may be due then to 
failure of it to form, or its actual destruc- 
tion, or unresponsiveness of the irradiated 
area to it. 

An even more striking reaction may be 
produced by this simple scratch test if one 
is fortunate enough to find a person so 
sensitive to it that wheal formation is easily 
produced. We treated a seventeen year old 
boy with an osteogenic sarcoma of the hip 
who was found to be extremely sensitive to 
the scratch test. On drawing a pointed ob- 
ject over his erythematous fields one saw 
immediately a white reaction extending 
through the erythematous and control 
areas. In a few seconds there was a red re- 
action in the control area and to a lesser 
degree in the irradiated part. The wheal 
developed in a few minutes in the control 
but usually no wheal formation was to be 
seen in the erythematous area. Between the 
two regions an actual hump produced by 
the edema on the control side could be felt 
(Fig. 2). One must conclude that in the 
erythematous area histamine causes no 
change in the permeability of the capillary 
walls and no transudation of fluid into the 
interstitial spaces, and hence no _ local 
edema. This failure of wheal formation 
indicates absence of histamine action, and 
cannot be found during a course of pro- 
tracted therapy until the erythema ap- 
pears. 

On many occasions on carrying out the 


scratch test, minute pieces of the epidermis 
are elevated from the cutis and on being 
isolated from the minute vessels appear 
white, giving much the same appearance 
as the white reaction. This is not to be con 
fused with the purely vascular reaction 
discussed here. 

In both the irradiated and control areas 
the flare can be seen in the early part of the 
scratch test, extending out several centi- 
meters from the path of the scratch test. 
From this one may conclude that the 
nervous mechanism controlling flare forma 
tion is not affected by amounts of radiation 
sufficiently great to produce an erythema 
tous reaction. 

To prove that these areas are no longer 
sensitive to histamine, it is only necessary 
to place histamine 1: 300 on the skin and 
prick it into the subcutaneous tissue and at 
the same time into a neighboring area out 
side the irradiated field. In the control area 
there will be a typical wheal formation 
with a flare, but even with this high con 
centration of histamine there is no evidence 
of wheal formation in the irradiated area. 
The flare, of course, cannot be distinguished 
in the already reddened field. It was first 
thought the reason for the irradiated area 
being refractory to histamine was due to 
dilatation of vessels and the congestion in 
hibiting wheal formation mentioned earlier. 
It was thought that the dilated vessels per 
mitted the injected histamine to diffuse 
away to such an extent that it was no 
longer sufficiently concentrated to bring 
about wheal formation and to prevent the 
formation of a pressure gradient in the 
minute vessels. This was proved not to be 
true by first injecting a solution of 1:1 
adrenalin, causing a vasoconstriction so 
that when the histamine was injected it 
would remain localized. One would expect, 
since the histamine is a more powerful 
vasodilator than the adrenalin, a vaso 
constrictor to have wheal formation; but 
this was not found to be the case, and there 
was a rapid disappearance of the blanched 
area without wheal formation. This is addi 
tional evidence that these areas are re 
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fractory to histamine and also that con- 
gestion cannot explain the failure of wheal 
formation. This contraction of the minute 
vessels in an erythematous area with the 
injection of adrenalin also indicates that 
the vessels are still able to function in spite 
of the irradiation effects. 


SKIN TEMPERATURES 


VASODILATATION 


AND 


To investigate further and to attempt to 
show that vasodilatation takes place only 
a few days before the erythema is seen 
during a course of protracted neutron 
therapy, skin temperatures were measured. 
If there is vasoconstriction or vasodilata- 
tion there will be a change in the skin tem- 
perature, and it is only necessary to meas- 
ure this temperature to tell which is 
present. This can be done accurately and 
rapidly by the use of thermocouples (Fig. 
3). Two strips of silver about I cm. square 
are connected by Constantan wire, and 
two copper wires connect the silver plates 
to the terminals of a very sensitive gal- 
vanometer, a Leeds and Northrup Type R. 
If a temperature gradient exists between 
the plates there will be a greater flow of 
electrons from the warmer plate, resulting 
in a difference in potential measured by the 
deflection of the galvanometer. By using an 
ice bath for a standard and comparing it to 
another known temperature such as an 
alcohol-ice bath, the galvanometer and 
thermocouples can be calibrated. Since a 
deflection of 3.25 cm. was produced on the 


galvanometer with a known difference of 


temperature of 1 
differences of 0.1 


Centigrade, temperature 
were considered reliable. 

It was necessary to take precautions to 
make reproducible measurements. If this 
thermocouple is held against the skin too 
firmly or too long there will be a mechanical 
pressing of blood from the area, and a fall 
in temperature will result. It is then neces- 
sary to alternately apply and remove the 
thermocouples at definite intervals every 
few seconds; thereby consistent and repro- 
ducible skin temperature measurements are 
obtained. It is also necessary to avoid pres- 
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sure on the area during irradiation, such as 
might be produced by pressing against the 
cone of the therapy unit, as the external 
pressure affects the blood supply to the 
area. One will also often find abnormally 
low skin temperatures on attempting to 
measure temperatures directly over large 
metastatic glands. The tension in the skin 


MEASURING SKIN TEMPERATURE 
DIFFERENCES 


CONTROL AREA IRRADIATED AREA 


SILVER PLATES 
CONSTANTAN wire a 
sone coPPER wires 


GALVAN OMETER 


DEFLECTION = .308 DEGREES CENTIGRADE 


Fic. 


caused by the mass will reduce the blood 
supply to the minute vessels and result in 
a similar cooling. 

When these precautions are taken one 
will find during the first eight to ten days 
immediately after each fraction of treat- 
ment a slight cooling of the irradiated area 
not existing before the treatment. This 
cooling is followed by a partial return to 
normal temperature during the next forty- 
eight hours and depends on the amount and 
rapidity of treatment. After approximately 
twelve to fourteen days there is little differ- 
ence in the temperature of irradiated and 
non-irradiated areas before treatment, and 
one can now expect the erythema to appear 
in a few days. Once the erythema develops 
there is a steady increase in temperature in 
the irradiated area, which is now warmer 
than the control area, though for some time 
there may be a slight fall in temperature 
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immediately after treatment. This fluctua- 
tion before and after treatment and the 
changes throughout the entire course of 
irradiation are recorded by the heavy curve 
of Figure 4. 

Finally, several days before the epi- 
dermolysis is seen there will be no difference 
in the skin temperature before and after 
treatment, and it remains elevated at all 
times. This elevation may amount to as 


VARIATION IN SKIN TEMPERATURE 
DURING IRRADIATION 


“uw 
| 


ERYTHEMA 


‘ 


SKIN TEMPERATURE 


———TIME IN s— 


Fic. 4 


much as 3° C. Thus until the beginning of 
the erythema there is no vasodilatation and 
no active histamine-like substance, and 
there may be actual cooling and vasocon 
striction. When there has been an actual 
fall in temperature there is probably a de 
struction of the normal vasodilatation or an 
injury to the accompanying vasodilative 
mechanism. After the erythema begins, 
vasodilatation can, of course, be seen (Low- 
Beer and Redisch’), but there is no phar- 
macological action of histamine, as the area 
is now refractory to its action even when 
high concentrations are injected into the 
skin. 

It has been of some interest to study skin 
temperatures on patients returning for 
check-up examinations. It might be ex- 
pected that the minute vessels would be 
injured by the irradiation. In a number of 
cases skin temperatures were measured and 


not a single case could be found that 
showed the slightest difference between the 
non-irradiated and the irradiated areas. 
This would suggest an adequate revas 
cularization. Pathologists have long de 
scribed the vascular changes in irradiated 
areas (Windholz‘), but they apparently 
have no effect on the temperature of the 
skin, which depends on the minute vessels. 


SUMMARY AND COMMENTS 


The scratch test in erythematous areas 
shows a persistent white reaction compared 
to control areas, indicating an increased 
sensitivity of the endothelial tubules. 

The scratch test in erythematous areas 
in individuals with  factitious 
shows little or no wheal formation. This 
indicates that the erythematous skin is re 
fractory to histamine action. 

On injecting histamine 1: 
thematous fields there is no wheal forma 
tion. The failure of wheal formation in 


erythematous skin is then apparently not 


urticaria 


3 Into 


due to the absence of histamine but to the 
refractoriness of the area. This failure can 
not be due to just congestion, as on inject 
ing vasoconstrictive substances to obliter 
ate it there is still no wheal formation. 

Vasodilative substances are not formed 
during the latent period before the ery 
thema ts seen, as there is no elevation of 
skin temperature measured by the thermo 
couples. 

There is a marked rise of skin tempera 
ture indicating vasodilatation after the 
erythema Is seen. 

The mechanism responsible for constric 
tion of minute vessels in erythematous 
areas is still sensitive to vasoconstrictive 
substances in spite of the erythematous re 
action, as 1s shown by the blanched areas 
after adrenalin is injected. The dilatation 
of the minute vessels is then a reversible 
reaction. 

Vascular changes produced by oblitera 
tion of arteries and veins seen in patho 
logical material in post-irradiation areas 
have no definite effect on skin temperature 
and thus on the minute vessels. This sug- 
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gests an adequate revascularization of the 3 H« 
area. 
The nervous mechanism controlling flare 


formation is not affected by irradiation. 
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FIBROSIS OF THE LUNG FOLLOWING ROENTGEN 
IRRADIATION FOR CANCER OF THE BREAST* 


A CLINICAL STUDY 


By JOHN E. LEACH, M.D., JOSEPH H. FARROW, M.D., FRANK W. 
FOOTE, JR., M.D., and N. WILLIAM WAWRO, M.D. 


From the Memorial Hospital 
NEW YORK, NEW YORK 


ADIATION pneumonitis is familiar to 
most radiologists as a fairly common 
sequel to the irradiation of extrinsic and in- 
trinsic thoracic tumors. Since 1922, when 
the condition was introduced into American 
medical literature by Groover, Christie and 
Merritt,* pulmonary fibrosis has received 
considerable attention and has been the 
subject of numerous studies. The most re- 
cent are those of McIntosh and Spitz,” 
Freid and Goldberg,® Warren and Spencer,*! 
and Jacobsen.'® Since these authors have 
reviewed and discussed the literature, it 
seems unnecessary to do so at this time. 
The material for the present study con- 
sists of cases of breast cancer treated on the 
service of Dr. Frank E. Adair at the Me- 
morial Hospital. We have endeavored to 
correlate the various physical factors of 
irradiation with the frequency of pulmonic 
complications and to emphasize certain 
physiological disturbances which are con- 
sidered important, and to some extent ca- 
pable of relief with the aid of certain meas- 
ures. 


TECHNIQUE AND FREQUENCY 


In order to determine the frequency of 


this condition, we have reviewed the course 
of patients with operable cancer, treated 
partly or entirely by irradiation between 
1926 and 1936, inclusive, and who are still 
alive. This five year or longer interval 
should eliminate any error relative to the 
differential diagnosis of pulmonary fibrosis 
and metastases. There were altogether 347 
cases, of which 77 (22.1 per cent) developed 
roentgenographic evidence of pulmonary 
fibrosis. This number is presumed to be 


slightly inaccurate because postoperative 
roentgenographic studies were made only in 
the presence of symptoms. 

During this time, there were changes in 
the technique of irradiating the breast and 
the axilla. Massive doses were replaced by 
divided doses, the use of interstitial radium 
was largely discontinued and the time of 
treatment relative to that of the operation 
was altered. Other factors, such as the areas 
irradiated, the position of the patient rela- 
tive to the beam of radiation, the skin 
target distance and the voltage, were less 
radically changed. Hence, before a further 
analysis is made, a brief description of the 
more constant factors will be given. 

In irradiating the breast, treatments 
were usually given through two portals. 
First, a medial portal included the region 
from the parasternal line to the nipple and 
from the third rib down to the sixth or 
seventh rib. Second, a lateral field covered 
the area from the nipple to the anterior axi! 
lary line. The beam was directed perpendic 
ularly when irradiating the medial field but 
tangentially for the lateral. The axilla was 
treated through three portals. There 
was an anterior axillary portal which was 
roughly rectangular and extended from the 
base of the neck to the shoulder joint and 
included the supra- and infraclavicular re 
gions as well as a portion of the upper an 
terior chest. The posterior axillary portal 
covered an equal or slightly larger area and 
extended from the upper dorsal vertebra to 
the outer margin of the scapula. The direct 
axillary field was square and included the 
entire lateral surface of the axilla. The beam 
was directed straight across the chest when 


* Read at the Twenty-sixth Annual Meeting, American Radium Society, Cleveland, Ohio, June 2-3, 1941. 
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treating the anterior and posterior axillary 
fields but slightly upward when irradiating 
the direct axillary portal. In all cases, unless 
otherwise specified, 200 kv., 30 ma., filtered 
with 0.5 mm. copper plus 2 mm. aluminum 
were used. The skin target distance was 50 


TABLE I 


FREQUENCY OF PULMONARY FIBROSIS FOLLOW-} 


ING VARIOUS TECHNIQUES OF IRRADIATION 


Number  Pul- 
Technique of monary 
Cases Fibrosis 
I. Preoperative 
Massive doses I 
(s00-750 r per portal 
2. Divided doses $7 31 
(joor X6=1,900r per 
portal ) 
3. Radium element pack 31 2 
(8,000 X 3 = 24,000 mg-hr. 
per portal) 
IT. Postoperative 
2. Div ided doses 41 re! 
3. Radium element pack 7 
III. Pre- and postoperative 
1. Massive doses ra) 
2. Divided doses } I 
IV. Miscellaneous 
1. Massive doses, interstitial 
radium, surgery 4 ; 
2. Divided doses, interstitial 
radium, surgery 19 8 
3. Interstitial radium, sur 
gery 8 I 
V. Irradiation only 16 - 
Tora! 347 77 


cm. routinely, except occasionally when 70 
cm. was used for the direct axillary field. 

In determining the frequency of pul- 
monary fibrosis, the patients have been 
grouped with regard to the time of opera- 
tion and the technique of irradiation (see 
Table 1). 

Preoperative. Ninety -seven cases received 
preoperative irradiation, and of these, 11 
were treated with single doses of 500 to 85¢ 
r (measured in air). In most cases only one 
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treatment per field was given. In this group 
there was one case of pulmonary fibrosis. 
Fifty-seven cases were treated with divided 
doses. Three hundred roentgens were given 
to two fields daily with the axillary portal 
treated on a separate day. The total varied 
from 1,200 to 2,400 r, averaging 1,800 r per 
portal in most instances. Of 57 patients 
treated in this manner, there were 31 who 
suffered from pulmonary fibrosis. Thirty- 
one patients were treated with the 4 gram 
radium element pack and, although an 
equivalent skin reaction was obtained, only 
2 developed pulmonary changes. 

Postoperative. In treating the postopera- 
tive cases, high voltage roentgen therapy 
was used on the axillary portals, while low 
or intermediate voltage was used in treating 
the operative fields. Seventy-seven patients 
were treated with massive doses to all five 
fields, usually two cycles of 750 r each, 
separated by an interval of about three 
months. In this group there were 7 cases of 
pulmonary fibrosis, but where divided doses 
were used in 41 cases, 8 patients developed 
this complication. 

Preoperative Postoperative. When 
both pre- and postoperative roentgen 
therapy was given in massive doses to 37 
cases, 8 developed fibrosis of the lung. 


and 


Miscellaneous. There was a miscellaneous 
group of 67 cases in which roentgen therapy 
(usually massive doses), interstitial radium 
and surgery were used. In this group 12 
cases of pulmonary fibrosis were found. 
Fight of these were associated with the use 
of divided doses of radiation. 

Irradiation Alone. Of the 16 patients with 
breast cancer treated by irradiation alone, 
7 developed fibrosis of the lung. 


AGE 


The question of age has received con- 
siderable attention and many agree that, 
other factors being equal, elderly people are 
more prone to develop pulmonary fibrosis. 
This seems reasonable and yet the average 
age of the 77 patients was 45.6 years and 
the mean age was forty-six. Furthermore, 
some of Our most severe cases have been 
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noted in individuals in their thirties. These 
patients had not received a comparatively 
larger amount of radiation. 


DEPTH DOSE 


In investigating doses received by the 
lung tissue, one meets with many difficul- 
ties. The depth doses cannot be accurately 
correlated with the symptoms, roentgeno- 
graphic, and physical findings. One must 
consider the inherent differences in tissue 
reaction to irradiation, variations in the 
size of the breast and its location relative 
to the thorax, as well as the exact direction 
of the beam of radiation. We have therefore 
limited our calculation to the axillary re- 
gion, where the anatomical structures bear 
a fairly constant relationship and where 
there is less variation in the size of the fields. 
It was believed that when our technique 
was used, the region of maximum intensity 
in the lung was located directly beneath the 
point where the mid-clavicular line crossed 
the second rib. Measurements of this region 
were taken with calipers. From these figures 
depth doses in terms of threshold erythema 
doses (T.E.D.) were estimated in 15 repre- 
sentative cases of pulmonary fibrosis. The 
depth dose varied from 2.5 to 7.3 T.E.D., 
averaging §.2 T.E.D. for the I5 cases. 

The threshold erythema dose as defined 
by Quimby” is the amount of radiation 
which produces a faint reaction in 80 per 
cent of all cases, the remaining 20 per cent 
showing no visible reaction. For 200 kv. 
roentgen rays this means about 650 r meas- 
ured on the skin, including backscatter. 
Hence, the doses specified above are from 
about 1,600 to 5,000 r to the lung, averag- 
ing about 3,500 r. 


PATHOLOGY 


To date, no fully adequate pathological 
study of the post-irradiation changes in 
human lungs has appeared. However, dif- 
ficult as it may be to interpret the patho- 
logical alterations seen in some lungs after 
irradiation, no reasonable doubt can remain 
that some of these changes are sequelae of 
the action of roentgen rays. How specific 
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these findings may be is not a matter of 
complete agreement among various ob 
servers at the present time. 

On clinical and pathological evidence, it 
is known that post-irradiation pleuro 
pulmonitis may be a transient reaction in 
lungs and may disappear, leaving no de 
monstrable residue. On the other hand, it 
mav not subside but persist, eventually 
going on to produce permanent fibrotic 
lesions. These intrapulmonary lesions are 
commonly considered to be the cause of the 
clinical symptoms observed by the patient. 
That they are causal factors cannot be 
denied, but we question whether or not 
they play the major rdle. 

The changes following irradiation are 
analogous fundamentally to that 
occur in other organs, differing only as 
these organs vary among themselves in 
their tissue organization. Inasmuch as the 
lung substance can only be irradiated 
through the parietes, it is expected that the 
overlying skin may share in the ill effects 
produced, just as skin is apt to do in any 
field of irradiation. Particularly in mam 
mary cancer, large skin areas receive radia 
tion and some portion of these develop late 
radiation changes characterized by endar 
teritis, thrombosis, loss of elastica and skin 
appendages, with replacement fibrosis with 
or without surface ulceration. Thus, a 
normally pliable skin and subcutaneous tis 
sue may be made stiff and inelastic. These 
changes are not necessarily limited to this 
portion of the chest wall but in severe cases 
may involve the underlying muscle and rib. 


the se 


CLINICAL OBSERVATIONS 

This study is limited to the chronic type 
of irradiation fibrosis. Often insidious in its 
onset up to many months after treatment 
for the original neoplastic disease, the chief 
symptoms are persistent, slightly produc 
tive cough, dyspnea on exertion and fatigue. 
Hemoptysis, pain, and palpitation are less 
common. 

Classically, deviation of the trachea, re 
traction of the mediastinum to the affected 
side, diminished thoracic expansion, im 
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paired percussion note, and high pitched 
tubular breath sounds are easily recog- 
nized. Less intense forms of the disease 
often escape detection, although they may 
cause marked distress to the patient. 
It must be emphasized at this point that 
have been unable to determine any 
significant correlation between the symp- 


we 


toms, signs, degree of fibrosis and amount 
of radiation to the lung. While it is true in 
general that the more roentgens delivered, 
the more severe the late pulmonary symp- 
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ventricular strain, hypertrophy, and finally 
dilatation. Consistent changes in the elec- 
trocardiogram are observed very frequently 
but it is now known” that these are not the 
result of primary or secondary cardiac dis- 
ease but are due to alterations in the rela- 
tionship of the heart to other structures in 
the chest. 


PHYSIOLOGICAL STUDIES 


The mechanism of the dyspnea in these 
patients has not been explained to date. 


TABLE I] 
PLASMA COs CONTENT AND COMBINING POWER AND BLOOD PH VALUES IN A GROUP OF PATIENTS 
WITH IRRADIATION PULMONARY FIBROSIS BEFORE, IMMEDIATELY AFTER AND TEN 
MINUTES AFTER EXERCISE. SEE DISCUSSION IN THE TEXT 
CO, Plasma Content CO. Combining Power pH Blood 

Pa- | Age Immedi 7 Immed in Immedi 
ge mmed 1O min. mmedi 1O min. mmedi- IO min. 

ween Rest ately after after Rest ately after after Rest ately after after 
Exerc se Exercise Exercise Exercise Exercise Exercise 

B.C. 58 69 67 69 7.81 

EB. 69g 65 05 62 5d S4 7.04 7.97 

N.B. | 43 65 62 6 63 6 $9 7.56 7.56 7.62 

E.G. 47 64 ch 66 62 7 7.74 7.70 

C.G. 41 67 6 63 66 6 61 7.64 7.62 7.03 

62 61 61 7] 62 62 81 7 80 7.92 

41 69g 66 69 66 67 7.80 

R.D. 43 7 69 67 7 65 7.85 7.80 

M.M. 61 66 66 71 66 07 89g 7] «92 

48 6 $9 62 $9 7.61 7.61 7.62 


toms are likely to be, outstanding excep- 
tions are so frequent that one cannot make 
it a clinical axiom. 

The claim has been made that right- 
sided heart failure may result from irradia- 
tion fibrosis.*! During the past three years 
at the Memorial Hospital, we have not ob- 
served one instance of chronic cor pulmonale 
in patients with uncomplicated irradiation 
fibrosis. Routine roentgenoscopy of patients 
has failed to show any enlargement of the 
right ventricle or pulmonary conus. How- 
ever, when the mediastinum is markedly 
displaced and fibrotic, right heart failure 
may occur not because of the pulmonary 
scarring, but because of angulation of the 


pulmonary vessels with resultant right 


The cause of the cough is obvious since 
pathologically there is a persistent chronic 
bronchitis in the affected area. 

Since a complete understanding of the 
dyspnea is necessary for application of the 
principles of the treatment we advocate, 
one must consider the mechanism of dysp- 
nea. 

There are two theories extant at present 
explaining shortness of breath due to mus- 
cular effort. One, subscribed to by Haldane, 
Gesell, Howell and others,!*:*-32 is that 
stimulation of the respiratory center is 
caused by (a) an increase in the CO; plasma 
content, and (4) an increase in the hydrogen 
ion concentration in the respiratory center. 
Theoretically, muscular exercise causes this. 
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TaBLe III 
PLASMA COs CONTENT AND COMBINING POWER, BLOOD PH VALUES IN A GROUP OF CONTROLS BEFORE, 
IMMEDIATELY AFTER AND TEN MINUTES AFTER THE SAME EXERCISE 
THAT WAS PERFORMED BY THE PATIENTS 


CO, Plasma Content 


CO, Combining Power 


pH Blood 


Pa- Age Immedi- 10 min. Immedi- 1O min. Immedi 10 min. 
one Rest ately after after Rest ately after after Rest = ately after after 
Exercise Exercise Exercise Exercise Exercise Exercise 
J.F. 33 65 64 60 70 63 61 66 ~ 
F.F. 29 71 68 65 71 66 64 7 
J.-L. 32 69 62 60 64 $4 62 7 89 
M.M. 26 67 64 6s 68 60 62 7.74 
L.R. 50 57 60 58 61 61 7.9 
40 67 67 64 60 67 7.53 + 66 £7 


The other theory, formulated by Pea- 
body**?° and later developed by Harrison 
and his co-workers,’:!!—'* and others, is that 
dyspnea secondary to muscular activity is 
due to increased ventilation caused by acti- 
vation of the respiratory center, not by 
humoral agents but by nervous stimuli 
arising in the muscles and carried to the 
medulla by way of the spinal cord. They 
found that dyspnea is directly proportional 
to the ventilation and inversely propor- 
tional to the vital capacity. (Roughly, the 
maximum possible ventilation per minute 
equals 25 times the vital capacity.) 


In these patients with a partially non 
functioning fibrotic lung, it seemed that the 
chemical theory of dyspnea might apply. 
Blood samples taken before, immediately 
after and ten minutes after exercise and 
analyzed for CO, content, and pH values, 
showed consistently lower CO, values and 
essentially unaltered or higher pH readings 
after exercise (Table 11). 

The same CO, and pH changes occurred 
with a group of normal controls after excer 
cise, but were less marked (Table 111 

Obviously, Haldane’s theory did not ob 
tain. From these studies it was further sug 
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SHOWING THE VITAL CAPACITIES OF 
NOTE THAT PATIENT F.G. WITH GRADE 
M.G. WITH GRADE 


Patient Age Sex 
B.C. 58 K 
E.B. F 
AG. 67 
M.G. 55 F 
N.B. 43 K 
44 
C.G. 41 
I.D. 59 F 
R.D. 43 Fk 
M.M. 58 I 
48 I 


I2 PATIENTS WITH VARYING DEGREES OF RADIATION FIBROSIS. 
2 FIBROSIS 
I FIBROSIS HAS A VITAL CAPACITY OF ONLY 


HAS A VITAL CAPACITY OF 2.§ LITERS WHILE 
1.7 LITERS 


Vital Capacity 
Evident Fibrosis 


on Roentgenogram 


Expected Actual 
Grade |! 
74 2.2 Grade 2 
2.9 I Grade 3 
3.6 Grade 1 
3.6 2 Grade | 
2.5 Grade 2 
2.7 1.6 Grade | 
Grade 
Grade 3 
Grade 3 
3-4 Grade 2 
2.9 1.8 Grade 1 
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gested that the altered CO, and pH values 
were not the cause of, but were the result 
of the hyperventilation. 

We also found that the vital capacities 
of these patients are consistently lowered 
and may be decreased as much as 60 per 
cent. The decrease of the vital capacity was 
not a function of the roentgen evidence 
alone of fibrosis and was much lower than 


one could account for by the volume 


Kic. 1. Diagram of Kerr-Lagen belt. 


of pulmonary tissue apparently affected 
(Table tv). 

Since dyspnea is inversely proportional 
to the vital capacity, it 1s important to 
realize the various agents lowering vital 
capacity in these patients. 

From our observations we have found 
that there are four main factors that cause 
reduction of the functioning pulmonary 
capacity in patients with chronic irradia- 
tion fibrosis. They are (a) fibrosis of the 
lung; (4) a variable degree of fixation of the 
chest wall; (c) compensatory emphysema 
in the undiseased lung; (d@) hyperirritability 
of the Hering-Breuer reflexes in the fibrotic 
pulmonary tissue. 

(a) The fibrosis of the lung reduces the 
vital capacity by subtraction from the total 
pulmonary volume. 

(b) The degree of immobility of the chest 
wall varies with the intensity of the late 
fibrosis of the thoracic parietes. Not a little 
of the immobility may be produced by a 
firm, fibrotic mastectomy scar. 


Fibrosis of the Lung following Roentgen Irradiation 
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(c) With the contraction of the fibrotic 
portion of the lung, the remaining pul- 
monary tissue undergoes compensatory 
emphysema. This is an extremely variable 
factor and is inversely proportional in part 
to the retraction of the chest wall. 

(d) We believe that, since a portion of the 
lung is fibrotic and distorted, the normal 
inspiratory and expiratory pulmonary re- 
flexes of Hering and Breuer are more ir- 
ritable and seriously alter the normal 
rhythmic action of the entire sequence of 
pulmonary reflexes. 

There is a very rapid normal reduction in 
vital capacity in patients over fifty-five 
years. It is quite natural that the more 
elderly the individual, the greater will be 
the dyspnea and secondary cough as com- 
pared with a younger patient with the same 
degree of pulmonary fibrosis. 

TREATMENT 

So far as is known at present, there are 
no agents that will favorably affect the 
already diseased lung or diminish the fixity 
of the chest wall. 

We have applied the principle of using 
an abdominal belt, the function of which is 
to raise the diaphragm by abdominal pres- 
sure.”? It is comfortable, worn while the pa- 
tient is up and about and, on the basis of 
clinical and laboratory data at hand, pro- 
duces its beneficial effect in one or both of 
the following ways: (1) In some patients 
there is an actual ‘ncrease in the vital 
capacity when the belt is worn. Careful 
measurements made on roentgenograms 
taken at the end of inspiration and expira- 
tion with and without the belt show a 
greater diaphragmatic excursion when the 
belt is worn. This increase is not at the 
expense of transverse or sagittal thoracic 
expansion. While the increase in vital 
capacity may be small (200 to 400 cc.), 
computation of the minute ventilation de- 
crease when the belt is worn may be as 
great as 5 to 10 liters. It may well make the 
difference between severe respiratory dis- 
tress and comparative comfort. (2) The belt 
forces the patient to use the lower, larger 
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portion of the chest for respiration and puts 
the upper, more diseased portion of the lung 
at relative pulmonary rest. Consequently, 
the irritable Hering-Breuer reflexes arising 
in the diseased lung are reduced to a min- 
imum and give the patient an increased 
amount of pulmonary comfort by increas- 
ing the tidal air. 

Spirographic studies done on these pa- 
tients with and without the belt after the 
same exercise show either (1) a decrease of 
ventilation, (2) an increase in tidal air with 
the same ventilation, or (3) a decrease in 
the time of the expiratory phase of the 
respiratory cycle, or (4) combinations of 
(1) and (3) or (2) and (3) when the belt is 
worn. 

Weight reduction is the second important 
phase of the treatment. The great majority 
of our patients are many pounds over their 
ideal weight, based on height and age. We 
have found that judicious dietary restric- 
tion with gradual reduction of the weight 
is enough in many instances to produce a 
complete remission of symptoms. This is an 
application of a very well known principle. 

We have observed that the severity of 
the cough is directly related to the degree of 
the dyspnea. Until the shortness of breath 
is relieved by one or both of the above 
measures, mild sedative cough mixtures are 
used. In well over go per cent of our pa- 
tients the cough has decreased as the dysp- 
nea improves. 


CONCLUSIONS 

1. In the treatment of cancer of the 
breast in part or entirely by high voltage 
roentgen therapy, permanent pulmonary 
fibrosis is a major complication. 

2. Its frequency is directly related to the 
large total doses delivered to the lung by 
divided dose technique and the area of lung 
tissue irradiated. 

3. Itis not apparent from this study that 
age is a predisposing factor. 

4. Based on the studies of the alterations 
of pulmonary physiology in these patients, 
the dyspnea is due to: (a) marked diminu- 
tion of the vital capacity caused by the 
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fibrosis itself, (4) fixity of the chest wall, 
(c) compensatory pulmonary emphysema, 
and (d) hyperirritable Hering-Breuer re 
flexes. 

5. The dyspnea may be relieved by 
means of an abdominal belt or weight re 
duction or both. 

6. The cough improves as the dyspnea 
decreases.* 
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THE INADEQUACY OF SIMPLE MASTECTOMY 
IN OPERABLE CANCER OF THE BREAST* 


By J. W. BRANSFIELD, M.D., and S. G. CASTIGLIANO, M.D. 


PHILADELPHIA, PENNSYLVANIA 


LOODGOOD),, in 1935, stated that the 

type of surgery for malignant tumors 
of the breast was a settled question. Dean 
Lewis,” in the same year, believed that a 
tendency was developing toward less radi- 
cal surgery for treatment of cancer of the 
breast. Since then, publications in favor of 
simple mastectomy and others which ques- 
tion the routine use of radical mastectomy 
have appeared in journals of this country 
and abroad. 

If an essay bearing a title such as the one 
that heads this presentation had been read 
shortly after the turn of the century, during 
the active days of Halsted, it would have 
been regarded as something written in jest, 
deliberately to provide amusement. Today 
this paper is not the superfluous contribu- 
tion it would have been several decades ago 
for there are those, surgeons and radiolo- 
gists alike, who believe that simple mastec- 
tomy is the operation of choice in early 
operable cancer of the breast. 

The accomplishments in the surgical 
treatment of mammary cancer are not as 
meager as some believe. Starting from a 
period in the past century where almost no 
one could report a cure in an established 
case of cancer of the breast, progress has 
been gradual and constant. 

In 1801, Joseph Adams,‘ after years of 
experience, concluded that even the early 
and mild cases of cancer of the breast were 
incurable. In those days surgery varied in 
extent from local excision to simple mastec- 
tomy. 

In 1815, John Rodman® was led into 
writing a monograph concerning cancer of 
the breast in an effort to learn “how there 
possibly could be so many contradictory 
opinions entertained by men of high char- 
acter, in fact, by the most respectable mem- 
bers of the profession.” A study to explain 


* Read at the Twenty-sixth Annual Meeting, American Radium Society, Cleveland, Ohio, June 2 


present contemporary diametrically op 
posed opinion in the treatment of cancer of 
the breast could be a modern pretext for 
the compilation of a text. 

In the days before Wells, Long, and Mor 
ton, anesthesia was not known. Surgical 
procedures, if attempted, were done in 
great haste. The criteria of operability, if 
we believe the writers of that time, were at 
least as stringent as they are today. Be 
cause of the numerous opponents to opera 
tion, surgical interference was considered 
perhaps in a narrower group of patients 
than today, vet Rodman remarked signifi 
cantly that the lack of success in removing 
mammae for early tumors when the pros 
pects for cure appeared excellent deterred 
many surgeons from performing the opera 
tion. The operation varied from simple ex 
cision of the tumor to complete removal of 
the breast. 

The well known Paget?’ was asked to 
give his opinion on the curability of cancer 
of the breast by operative removal of the 
organ. He answered: “‘I will not say that 
such a thing is impossible but it is so highly 
improbable that a hope of a cure occurring 
in any single case cannot be reasonably en 
tertained.”’ 

After the advent of anesthesia, surgical 
procedures in general were more frequently 
performed. 

Virchow published his work on cellu 
lar pathology in 1858. Nine years later, 
Moore,” of London, pleaded for more radi 
cal surgery, and was probably the first to 
give us a conception of the pathology of 
cancer of the breast as we understand it to 
day. Sepsis in the days of Moore probably 
did much to discourage more radical inter 
vention in behalf of the patient. Of 167 
hospital breast extirpations done by Vel 
peau*’ prior to 1854, the mortality rate was 


3}, 1941. 


748 


VoL. 4 9 No. 4 


Ig per cent, with sepsis the most frequent 
cause of death. As late as 1879, William 
Nunn” states that if no obvious involve- 
ment of the pectoral fascia is found, it 
should be left intact. He considered this an 
important means of limiting sepsis. Volk- 
man** ignored sepsis and recommended the 
removal of the pectoral fascia in every 
case. He made it a rule never to be misled 
into conservatism, even for the smallest 
tumors. These were pioneering days when 
men for the first time were thinking scien- 
tifically and attempting to improve tech- 
nique on a basis of knowledge. Yet, in these 
very days of improvement, Gross" did not 
save one patient in his first hundred cases. 


Sands** told Halsted he could not boast of 


having cured a single case. They were doing 
simple mastectomies. 

Following the development of antiseptic 
surgery, later displaced by aseptic surgical 
technique, a marked reduction in the in- 
cidence of sepsis and decreasing surgical 
mortality rates were soon noted. The opera- 
tion of radical mastectomy, now made a 
technically safe procedure, was conceived 
and presented almost simultaneously in 
1d94 by Halsted and Willy Mever. Radi- 
calism in mastectomy ran wild; in some 
cases the entire lateral half of the shoulder 
girdle and upper extremity were sacrificed. 
Two problems arose. First, it became neces- 
sary to establish just what cases were to be 
considered operable, Or, in other words, at 
what stage in the extension of the disease 
the surgeon should refrain from attempts 
at curative surgery. This could be learned 
only by 
early enthusiasm swung the pendulum to 
the extreme of radicalism. The early sur- 
geons soon learned that nothing was to be 
gained by operating upon patients where 
the disease had progressed beyond the 
axilla. Since then other contraindications 
have appeared, but, broadly speaking, the 
definition of operability has remained es- 
sentially unchanged down to the present 
day. The second problem was the need for 


definition of adequate surgery for cancer ot 


the breast; in other words, just how far 


experience. The momentum of 
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should a surgeon go beyond excision of the 
gross tumor, in the absence of clinically 
demonstrable disease. This question was 
soon answered by the adoption of the fun- 
damental principles of the classical Halsted 
operation, modified later in detail by Hand- 
ley and others. Unfortunately, the degree 
of radicalism routinely to be employed for 
all operable cases of cancer of the breast is 
not today the settled question that Blood- 
good asserted it to be five years ago. Some 
surgeons, unmindful of the gains made in 
the treatment of cancer of the breast and 
unduly discouraged by the results of sur- 
gery or unduly encouraged by the results 
of irradiation, have fallen away from the 
standardized and generally accepted radi- 
cal mastectomy. 

What are some of the possible reasons 
why one performs a simple mastectomy in 
operable cases of cancer of the breast? 

1. There are surgeons who believe that 
in early, local cancer of the breast simple 
removal of the breast itself eradicates the 
local disease; that more extensive surgery 
is unnecessary and irradiation useless. 

2. There are those who believe that in 
early, local cancer of the breast simple mas- 
tectomy plus exploration of the axilla, fol- 
lowed by irradiation, is adequate treat- 
ment. 

3. There are those who believe that can- 
cer of the breast is curable only when it is 
still localized to the breast, and therefore 
they believe that simple mastectomy 1s ade- 
quate. If microscopic spread has taken 
place beyond the breast proper, they be- 
lieve that radical surgery is of no avail. 

4. There are those who believe that in 
cases of operable cancer of the breast, with 
palpable axillary nodes, simple mastectomy 
plus irradiation is adequate treatment. 

5. There are those who believe that can- 
cer of the breast is adequately treated by 
various degrees of conservatism in surgery, 
short of the complete operation. 

It is beyond the scope of this paper to 
discuss singly and in detail the variations 
in the conservative, surgical treatment of 
operable cancer of the breast. We shall 
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therefore limit our remarks, first, to the 
evaluation of simple mastectomy in clini- 
cally early cancer of the breast, and, sec- 
cond, to the evaluation of simple mastec- 
tomy complemented with irradiation in 
cancer of the breast with palpable axillary 
nodes. We wish to show thereby that the 
radical operation is the only method of ex- 
cisional surgery routinely to be employed 
in the treatment of operable cancer of the 
breast. 

If a surgeon believes that simple mastec- 
tomy is adequate treatment for early, local 
cancer of the breast, his first task in the 
interest of his patient should be to show 
that, in a given selected case, he is dealing 
with an early cancer. This brings up the 
question: What is an early cancer? Here 
again we must be brief in answer. This 
question could be divided into two parts: 

First, what is an early cancer of the 
breast pathologically? In our present stage 
of development, the consensus among pa- 
thologists is that an unequivocal diagnosis 
of cancer ina given microscopic section can 
be made only where actual invasion can be 
seen. It follows that these are not strictly 
early cancers, for surely at some time dur- 
ing its development a cancer need not show 
invasion. Some pathologists believe that a 
cytological diagnosis of cancer is possible, 
but at present this opinion is opposed by a 
formidable group of distinguished and ex- 
perienced men. We may say, therefore, that 
cancer can be recognized microscopically 
only after the development of the charac- 
teristics which inspired its name many 
hundreds of years ago—not in reality early 
cancer at all. 

Second, what is an early cancer of the 
breast clinically? Given a patient with a 
clinically local, freely movable tumor of the 
brest, can one state that the tumor is early 
because of its recent discovery by the pa- 
tient or because of the small size of the 
tumor? The tumor recently discovered by 
the patient is new only so far as her knowl- 
edge of its existence is concerned, but actu- 
ally it may have been present as a lump for 
months or in some cases even for years. The 
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size of the tumor is not necessarily or irre 
futably a measure of its recent development 
or of its local character. The rate of local 
growth and the speed of clinically indetect 
able microscopic spread in different tumors 
of the breast vary between wide limits. For 
example, a patient, shown at the Tumor 
Conference at the Philadelphia General 
Hospital recently, suffered from multiple 
osteoclastic lesions involving every bone in 
her skeletal framework. At 
these universally disseminated lesions were 
proved to be metastatic from a hazelnut 
sized, movable tumor of the breast, of 
which the patient had been unaware. Many 
more similar examples could be quoted. 
Further and more convincing evidence 
can be brought forth to show that one can 
not safely make a clinical diagnosis of early 
cancer of the breast. Harrington" 
his series that 29 per cent of the cases clini 
cally thought to be free of axillary metasta 
sis actually have proved axillary involve 
ment. Lund,” of Boston, states his experi 
ence and places the figure at 40 per 
Lane-Claypon,” in her 
shows that of all cases clinically diagnosed 
as Group 1 cancer of the breast, that is, 
without clinical evidence of axillary cancer, 
over 50 per cent of the cases actually were 
Group 11 p, with pathologically proved me 
tastasis to the axilla. Now, 
and s0 per cent of all cases diagnosed as 
Group I actually are not Group 1 at all, but 
Group u, the difficulty, indeed the futility, 
of attempting to select earl) 
ple mastectomy can be recognized. 
Evidences from many sources, therefore, 
emphatically demonstrate that axillary can 
cer cannot be assumed to be absent, on the 
basis of a negative clinical examination. 
In spite of the evidence cited above, Fitz 
williams,’ English writer of a textbook, who 
a few years before commented on the dif 
ficulty of early diagnosis, makes this amaz 
ing statement in 1937 
nowadays possible enables us to treat cases 
at a far earlier stage than-ever before and 
makes partial removal of the breast just as 
safe as the partial removal of a limb or 
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tongue without the wide mutilation which 
is SO Important to a woman. In the first 
stage, it is only logical to treat a local dis- 
ease by local operation. . . Consider this 
statement in the light of the statistics just 
quoted. 

An equally forceful argument to show 
our inability to select early cases of cancer 
can be found in a comparison of the results 
achieved by simple mastectomy and radical 
mastectomy. 

It is true, and can hardly be denied by 
anyone, that should every cancer cell in a 
given case of cancer of the breast be com- 
pletely eradicated, the patient should be 
cured, regardless of the means employed to 
accomplish this end. In what percentage of 
cases does simple mastectomy fail to effect 
this desired eradication of the disease? 

In a corrected series,”° in which simple 
mastectomy was done for early, local can- 
cer of the breast, 54.6 per cent were dead 
after five vears. In another series (operable 
cases) of 40 simple mastectomies, followed 
by irradiation, S6 per cent were dead after 
five years.'® The average five vear survival 
rate for simple mastectomies varies from 38 
to $0 per cent. 

Even these palpably poor results cannot 
fairly and properly be submitted for statis- 
tical comparison with the end-results of 
radical surgery. One must bear in mind that 
the reported series are small and the cases 
highly selected. All series include many 
cases of slowly growing tumors, present for 
vears in the breasts of old women. In addi 
tion, some of the patients were operated on 
for benign conditions of the breast, and a 
cancer was inadvertently discovered after 
careful study by the pathologist.’ Not 
only were the cases highly selected but in 
some instances cancer was not even sus- 
pected clinically. 

Simple mastectomies are performed be- 
cause the surgeon believes he is dealing 
with local cancers which can be easily 
cured. Theoretically, if these were, in fact, 
local tumors, he should cure 1 per cent; 
vet the five vear survival rate is only 30 to 
§O per cent. The deduction here ts that the 
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error in clinical ability to diagnose early 
cancers is over $0 per cent. Over $0 per cent 
of cases thought to be early, and therefore 
supposedly curable by simple mastectomy, 
have spread beyond the conservative oper- 
ative field. There are those who will answer 
this by saying that, if the spread of cancer 
has advanced beyond the simple mastec- 
tomy field, microscopic advance is probably 
also beyond the operative field of a radical 
mastectomy. The fact is, many cases of 
cancer which have spread beyond the oper- 
ative field of a simple mastectomy will not 
have spread beyond the operative extent of 
a radical mastectomy. Contrast the best 
comparable results of simple mastectomy 
against the best end-results of radical mas- 
tectomy. For simple mastectomy in Group 
rc cases (highly selected), the best five 
vear survival rates are about 38 to 50 per 
cent. For radical mastectomy in Group I P 
cases (taken consecutively without selec- 
tion), the best five year net survival rates 
range from 81 to 93 per cent.?°:* From these 
results one can interpret that 50 to 60 per 
cent of the cases thought to be early have 
spread beyond the operative field of simple 
mastectomy; that 30 to 40 per cent which 
have spread beyond the reach of the 
conservative operation have not progressed 
beyond the reach of the radical opera- 
tion; and that only about Io to 25 per 
cent have spread beyond the operative 
extent of a radical mastectomy. This 
should be more than answer enough for 
those who insist that the curability of 
cancer of the breast is governed only by its 
local character; that the extent of the oper- 
ation is unimportant; that if simple mastec- 
tomy fails, the case is hopeless. 

Further evidence can be submitted to 
show that we should plead for improvement 
in the operating technique of radical mas- 
tectomy rather than to argue the inade- 
quacy of simple mastectomy. 

The British Ministry of Health Report, 
Number 34, records the end-results of 
a select group of distinguished surgeons 
which show 92.3 and go.1 per cent net five 
vear and ten vear survival rates in Group I 
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p cases.® These figures, which are consider- 
ably better than the average end-results for 
radical mastectomy, strongly suggest that 
in the hands of those most competent to 
perform a truly radical operation brilliant 
results can be obtained. It is reasonable to 
hope that with general improvement in 
technique, material improvement in end- 
results will follow. 

A recent critical study of the end-results 
of radical mastectomy shows that, among 
comparably competent surgeons on one 
hospital staff of a large medical center, 
those having a longer average operative 
time show impressively better end-results 
than their more speedy colleagues who were 
also doing radical mastectomies.*' The de- 
duction here is that simple mastectomy is 
totally inadequate; that even a carelessly 
performed radical mastectomy consider- 
ably improves results; that a carefully per- 
formed complete operation gives by far the 
best results. 

A few years ago, at the Oncologic Hos- 
pital, a few selected cases of cancer of the 
breast were managed by simple mastec- 
tomy. Some cases were given roentgen 
therapy in addition. Because of early recur- 
rence and generally poor results, the prac- 
tice was discontinued. We have a series 
totaling 29 cases. Of these 29 patients, 8, or 
27-5 per cent, 
twenty months, without evidence of disease 
when last seen. Seven (24.1 per cent) were 
dead, having lived an average of twenty- 
two months postoperatively. Fourteen 
(48.3 per cent) developed recurrences six 
weve to thirty-seven months after opera- 
tion, averaging twenty-two months. In the 
past two years, 6 patients have been seen 
at the Oncologic Hospital with local recur- 
rence following simple mastectomy per- 
formed elsewhere. They were treated by 
secondary radical operation and roentgen 
therapy. The end-results in such cases are 
known to be poor, as the patient has al- 
ready lost her best chance. 

If one believes he can improve his results 
in simple mastectomy by exploring the ax- 
illa, he again is mistaken. In the first place, 
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the axilla cannot be properly cleaned with 

out severing the muscles. In the second 
place, important lymphatic routes are pres 
ent in the pectoral fascia and pectoral mus 
cles. Last and most important, Lane-Clay 

pon”? shows the end-results in these cases to 
be even less impressive than the end-results 
of simple mastectomy alone. A patient with 
the axilla left undisturbed is better off than 


she would be after a simple exploration of 


the axilla or an incomplete dissection. 

No one denies that a truly early, local 
cancer is curable by simple mastectomy, or 
by even more conservative measures, if the 
entire disease is removed. 
however, that one cannot, 
of accuracy, 
the breast for management by conservative 
operations. It appears that surgeons who 


We have shown, 
with any degree 


select early 


perform simple mastectomy in the belief 


that an early cancer can be entirely eradi 
cated have worked from a false 

Clearly, one cannot feel justified in at 
tempting to cure cancer of the 
simple mastectomy in the belief that he is 
operating on an early cancer of the breast. 
The proved, present inability to determine 
accurately the absence of axillary metasta 
sis and microscopic spread elsewhere within 
the limits of radical surgery denies anyone 
the right lightly to choose any but a proved 


premise. 


breast by 


mode of treatment in so-called early cancer 


of the breast. To ignore this dictum 
the sacrifice of 30 to 40 per cent or more of 
such patients operated. 

Let us now consider carcinoma of the 
breast with palpable axillary nodes (Stien 
thal 11) and its treatment by simple maste¢ 
tomy and irradiation. 

One who believes that 
tomy, plus irradiation, is adequate treat 
ment must believe, first, that his operation 
does not completely remove the 
second, that more extensive surgery Is use 
less, and that irradiation is a more depend 
able instrument than the scalpel for des 
troying the remaining cancer. 

We have already shown that in a = 
percentage of cases metastasis to the axilla 
has taken place, even though clinic a un 
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demonstrable. Let us stress another impor- 
tant point concerning axillary nodes. Given 
100 operable cases of cancer of the breast, 
with palpable axillary nodes clinically diag- 
nosed as metastatic, it has been shown that 
from 10 to 32 of the cases will not have can- 
cer in the axilla.’ The nodes are purely 
hyperplastic or inflammatory. From Io to 
32 per cent of Steinthal 11 cases are there- 
fore actually Group 1 p, or pathologically 
proved Group 1 cases. But the absence of 
microscopic evidence of cancer in the axil- 
lary glands in a given case does not permit 
one to conclude that he is dealing with a 
local tumor of the breast. The true picture 
of cancer of the breast is a tumor in the 
breast proper from which a centrifugal mi- 
croscopic spread takes place. The extent of 
this spread cannot be determined clinically, 
and can never be assumed to fall within the 
operative limits of a simple mastectomy, 
even though the axilla is shown to be unin- 
volved. This has been shown earlier in this 
paper by the failure of simple mastectomy 
to eradicate the disease in a high percentage 
of cases. For cases falling in this category 
radical mastectomy is curative and decis- 
ive, while simple mastectomy with post- 
operative irradiation is palliative and ex- 
tenuative, as will be shown later. 

Now we are to concern ourselves with 
cases that actually do have metastasis to 
the axilla. Is simple mastectomy, followed 
by irradiation, the method of choice for 
this group? At this point it becomes neces- 
sary to determine the ability of irradiation 
to perform its given task, namely, complete 
destruction of all cancer cells within the 
compass of radical mastectomy. The evalu- 
ation of irradiation employed in such cases 
must be based on its proved ability com- 
pletely to destroy cancer. Here we wish to 
clarify our position. The value of roentgen 
rays or irradiation in general as an adju- 
vant in the treatment of operable carci- 
noma of the breast is firmly established. 
[It should be emphasized that postopera- 
tive irradiation is used routinely by us. We 
do not feel as some do that, if irradiation is 
to be of value at all, it should be able to de- 
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stroy cancer entirely without the aid of sur- 
gery. We hold ordinarily that the ability 
of irradiation completely to destroy cancer 
is not the only criterion of its value. It ap- 
pears, however, that should one advance 
the proposition that simple mastectomy, 
plus irradiation, can achieve as satisfactory 
results as radical mastectomy, with or 
without irradiation, the proponent of this 
thesis must demonstrate that irradiation is 
always capable of completely destroying 
cancer cells in lymph nodes and elsewhere 
within the limits of the operative field. To 
put it differently, he must show that the 
roentgen rays can accomplish at least the 
equivalent of surgery, namely, the destruc- 
tion of all the cancer cells that radical mas- 
tectomy can remove. 

Let us examine the question briefly. In 
general, it is agreed that many, if not most, 
mammary cancers are about as radioresist- 
ant as epidermoid carcinomas.® If roentgen 
treatment is delivered to a wide area of the 
thorax and axilla in doses known to be in- 
sufficient to result in total destruction of a 
superficial epithelioma which is_ closely 
comparable to most mammary cancers in 
its response to irradiation, does it not fol- 
low that such treatment is insufficiently re- 
liable to be depended upon as the sole agent 
of treatment? 

Schinz® in 1940 stated that the number 
of cures from irradiation was small in his 
experience, but that we should not under- 
estimate the palliation accomplished. 

Howes and Bolker,'* in 1940, reported 
their experience with the use of intensive 
deep roentgen irradiation (2,800 r to each 
of two fields, crossfiring on the breast, and 
occasionally a third field of 1,400 r—2o00 
r daily to each of two fields). They were 
able to produce pronounced effects on the 
breast tumor, but mention only 2 cases in 
which the cancer was entirely destroyed. 
In their experience, changes in neoplastic 
axillary nodes that could be attributed to 
irradiation were slight, despite the un- 
usually intense axillary dose averaging 
2,800 r to each portal. These authors 
point out significantly that radiation treat- 
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ment of cancer is still feeling its way. 

Even more convincing evidence is avail- 
able to show that external irradiation alone 
cannot accomplish the equivalent of sur- 
gery. In a series of 47 cases treated at the 
Oncologic Hospital with moderate to in- 
tensive irradiation, our pathologist, Dr. 
J. McFarland, showed that in 16.2 per cent 
of the cases all the cancer cells in the sec- 
tions studied were destroyed; in 35.2 per 
cent the cells were moderately affected; in 
37.8 per cent the cells were markedly af- 
fected, and in 10.8 per cent the cells showed 
no changes attributable to irradiation. 
Many of the cases showed active mitosis, 
even in the presence of marked irradiation 
changes. 

Cheatle and Cutler’ state that attempts 
to treat mammary cancer by using maxi- 
mum external irradiation demonstrated 
marked degenerative changes, but complete 
sterilization was not accomplished. They 
conclude that complete devitalization by 
external irradiation in most cases is prob- 
ably impossible. 

Adair,’ in 1935, believed he had de- 
stroyed breast cancer by use of the radium 
element pack in only 28 per cent of 39 pri- 
mary operable cases. In a similar group of 
42 operable cases treated by deep roentgen 
therapy, the breast cancer was destroyed in 
only 16.5 per cent. He cites the inability to 
destroy axillary nodes in a very high pro- 
portion of cases. At that time Adair was 
said to have given up all attempts to treat 
this disease by external irradiation alone, 
because of failures.?"* More recently, Adair! 
reports up to $0 per cent tumor destruction 
following intensive external irradiation, 
and only 22 per cent sterilization of the 
axillary contents. These are immediate re- 
sults. The presence of previous axillary 
metastasis in Adair’s series was determined 
by typical scarring, which he and others be- 
lieve to indicate previous cancerous in- 
volvement. McFarland* does not accept 
this as irrefutable evidence of previous can- 
cerous disease. It is possible that the figure 
22 per cent is high. 

Some may gain the impression that we 
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believe that a dissection of the axilla is al- 
ways capable of sterilizing the region of 
tumor tissue. This is not our position. We 
do believe that, given the choice of two 
modalities—one which is effective in only 
22 per cent of cases, the other which ob 
viously destroys all cancer that can be sur- 
gically removed—it is logical to deduce that 
a combination of the two modalities is safer 
than sole reliance on a 22 per cent chance. 

Simple mastectomy followed by external 
irradiation cannot replace radical mastec 
tomy in Steinthal 11 cases. Can simple mas 
tectomy followed by interstitial irradiation 
used alone or jointly with roentgen irradia 
tion take the place of radical mastectomy? 
Before answering this question, the follow 
ing is parenthetically inserted. 

Only if the end-results in proved cases 
are comparable or better than the end-re 
sults of radical mastectomy can interstitial 
irradiation be recommended as a_ sole 
method of treatment for cancer of the 
breast with palpable axillary nodes, or as a 
complementary treatment to the lymphati 
drainage area following simple mastectomy. 
Interstitial irradiation cannot be oftered to 
a patient as a non-surgical measure. It is 
not a substitute for surgery. It is a surgical 
procedure which requires special training, 
and is hardly less trying to the patient than 
radical mastectomy. Convalescence 
longer; scarring and retraction of the tis 
sues sometimes produce a less desirable 
cosmetic result than radical mastectomy. 
The complications vary. Neuritis, sepsis 
with elephantiasis or limitation of arm mo- 
tion, rib necrosis, and death are reported. 

In attempting to treat with interstitial 
irradiation a large area such as is required 
in cancer of the breast, one of the funda 
mental requisites of radiation therapy can 
not be met. An equable radiation dosage 
which is everywhere carcinocidal is cer 
tainly a theoretically difficult, and, from a 
practical standpoint, impossible feat. Vari 
ous techniques have been employed in an 
effort to obtain uniform interstitial irradia 
tion. None of the methods has been prac 
tical, and significant is the fact that most 
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therapists employing interstitial irradiation 
as a routine procedure have abandoned it. 

Keynes has probably had more expe- 
rience with interstitial irradiation than any 
other of the few this 
method. He recommends the surgical re- 
moval of the primary tumor, followed by 
interstitial irradiation of the drainage area, 
including the axilla. The primary tumor 
which he can feel and accurately needle, he 
removes; the drainage area about which he 
can have but meager knowledge, he at- 
tempts to treat. Singularly, Keynes admits 


men employing 


that his needles are frequently improperly 
placed. 

The ability of interstitial irradiation to 
destroy cancer cells everywhere within the 
operative field has not been demonstrated. 
Almost no experimental work in this direc- 
tion has been done, and it is an obviously 
dificult problem. Teahan* 
ported 


recently re- 
cases treated by simple mastec- 
tomy, follow ed by interstitial irradiation of 
the axilla. In only one case was the axillary 
disease controlled. 

It is well known that the primary tumor 
is usually more radiosensitive than the me- 
tastatic foci, vet in 1939 Ross,* following 
the technique of Kevnes, reported a re- 
sidual palpable tumor of the breast in 37 
of 50 cases treated by interstitial irradia- 
tion. Significant is the fact that those using 
this technique almost routinely excise the 
breast tumor. 

More striking is the following statement 
made by Regaud:*® “I have completely 
given up the use of interstitial radium for 
primary operable breast cancers because of 
poor results and danger of spreading the 
disease.” 

Keynes'® is able to show 65 per cent and 
$1 per cent five and seven year crude sur- 
vival rates in Group I cases, and 26 per 
cent and 18 per cent five and seven year 
crude survival rates in Group II cases. 
These are the best end-results reported. 
An obvious sacrifice of life can be noted 
even without the application of correction 
factors for the many unbiopsied cases. 

Lane-Claypon” and others have shown 
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that a five year period is inadequate to de- 
termine the end-results of radiation therapy 
because growth restraint alone will place 
many patients in the five year group who 
will later succumb to the disease. The mor- 
tality rate in the second five year period far 
exceeds that of radical mastectomy, indi- 
cating that irradiation brings about growth 
restraint but fails to destroy the cancer in a 
high proportion of cases. This must be con- 
sidered when the end-results of irradiation 
and surgery are compared. It may be added 
that the difficulty of evaluation of the 
nodular scars in the irradiated area may 
place many patients in the five year group 
who undoubtedly have cancer unrecog- 
nized because of retraction, scarring and 
nodularity resulting from the interstitial 
irradiation. 

Few investigators have had actual large 
experience with the interstitial treatment 
of cancer of the breast. Probably the total 
reported number of patients so treated 1s 
500 or less. None of the few original authors 
has advocated that this form of treatment 
should displace the radical operation. Some 
enthusiastic readers of the original articles, 
with no personal experience or with little 
appreciation of the difficulties involved, are 
those who unconditionally endorse this 
form of treatment and publish recom- 
mendations advocating the abandonment 
of radical surgery. 

Interstitial irradiation does not appear 
to be able to perform the equivalent of sur- 
gery, namely, the destruction of all the 
cancer tissue the radical operation can re- 
move. The adjuvant use of external irradia- 
tion with interstitial irradiation can add 
but little because of the known inability to 
supply sufficient external irradiation to the 
axilla. Theoretically, some areas may be so 
under-irradiated that the additional ex- 
ternal irradiation may not supply the ne- 
cessary carcinocidal dose. We wish to state 
again that we still refer to the field where 
the existing cancer cells could be completely 
removed surgically. From reports thus far 
published, from 50 to 75 per cent of breasts 
examined after radical irradiation for 
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known cancer still contain viable cancer 
cells. Adair? reports 36.3 net five year sur- 
vival rates in a selected series of 37 cases. 

The high percentage of five year survival 
rates attained by irradiation reported oc- 
casionally in the literature is in direct dis- 
agreement with the foregoing discus- 
sion.!°.2%.39 There must be some explanation 
for this divergence of authoritative opinion. 


Perhaps most important is the question of 


diagnosis. Because of extreme case selec- 
tion and the high percentage of error in 
clinical diagnosis, radiologists today admit 
that the end-results of unproved and per- 
haps improperly classified cases treated by 
irradiation cannot be compared with the 
end-results of proved cases treated surgi- 
cally. The end-results achieved by irradia- 
tion in the treatment of clinically diagnosed 
cancer of the breast have impressed no one, 
because of the known high percentage of 
error in diagnosis. Halsted,’ in the days 
when few local cancers were seen, had an 
error of 10 per cent in diagnosing tumors as 
malignant, even with the surgical specimen 
in his hand. Haagenson” states that only 
50 per cent of all lesions of the breast are 
accurately diagnosed by experienced men: 
At the Mayo Clinic, in a study of 100 breast 
cases where early cancer was considered as 
a possibility, 73 per cent were found to be 


benign. Adair lists eleven different types of 


lesions that may simulate cancer of the 
breast. Many radiologists today agree that 
biopsies are necessary before their statistics 
can be compared. 

There is not space here to discuss further 
the various factors which should be con- 
sidered in evaluating the end-results 
achieved by irradiation. Suffice it to say 
that no reasonable comparison can be made 
until the rigid standards adhered to in re- 
porting surgical end-results are adopted. 

It appears likely that the benefits ob- 
tained today from roentgen therapy in can- 
cer of the breast are not so much from 
destruction of cancer cells as from incar- 
ceration of residual cells in fibrous tissue, 
with resultant growth restraint. One con- 
cludes that irradiation cannot be substi- 
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tuted for the scalpel; that simple mastec 
tomy complemented by irradiation in any 
combination cannot take the place of radi 
cal mastectomy followed by irradiation. 

It may be said that more than four 
decades after the discovery of the roentgen 
rays and radium their place in the treat 
ment of cancer of the breast has not yet 
been settled. Irradiation of cancer of the 
cervix uteri and corpus uteri has become 
standard treatment, and is so accepted by 
radiologists, general surgeons and gyneco 
logists. The general 
operative removal of cancers of the uterus 
eloquently indicates the willingness of the 
surgeon to adopt whatever method is 
shown to be for the best interest of the 
patient. If and when the end-results in the 
treatment of operable cancer of the breast 
by irradiation or by simple mastectomy 
and irradiation equal or surpass the results 
achieved by the radical operation, with 
postoperative irradiation, we believe the 
surgeon will recognize the fact and act a 
cordingly. 

In the present stage of development it is 
vet premature for anyone to recommend 
that irradiation in any form has replace 
ment value for surgery. Radiologists are 
keenly aware of the discredit that may be 
fall them if overenthusiasm is permitted to 
endanger the acknowledged progress they 
have made. We regard this as a healthy at 
titude to adopt during this search for better 
and uniform technique. We wish to empha 
size again that our efforts to show that ra 
diation therapy cannot replace the radical 
operation should not be construed as an 
indication that we doubt the worth of ra 
diation therapy as a valuable adjuvant in 
operable cases, and as the primary treat 


ment of choice for inoperable cases. Where 
surgical treatment is refused or if absolute 


contraindications exist, naturally irradia 
tion or conservative surgery 0 
be employed. 

Here we recall the admonition of Pfah 
ler:?* radiologist must be trained 
and assume the responsibility of a consult 
ant. Some. 


r both should 


discontinuance of 
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radiologist rather than the surgeon. We 
must not let this fear of operation influence 
our judgment and choose to treat a patient 
by irradiation) who can be better treated 
by surgery.”” Only those men with a broad 
and unbiased perspective can give the pa- 
tient her best chance for life. 

The American Society for the Control of 
Cancer, its Women’s Auxiliary, the medical 
profession in general, interested social 
workers and laymen are trying to teach 
women that early cancer is curable; that 
there should be no delay in seeking the ad- 
vice of a physician following the discovery 
of a lump or any sign or symptom that may 
indicate the presence of a cancer. 

The educational program is bearing fruit 
as can be shown by the increasing percent- 
age of patients visiting physicians before 
axillary metastasis is demonstrable. Hal- 
sted in a series of 133 patients could show 
only 6 1n which axillary metastasis had not 
occurred.''! Today the Free Harvard Com- 
mission shows §1 per cent without axillary 
metastasis.!’ Harrington'® mentions that, in 
1916, 74 per cent of his cases had axillary 
metastasis, whereas in recent years there 
has been a progressi\ e decrease in the per- 
centage of patients seen with axillary me- 
tastasis at the Mavo Clinic. In 1938, §1.1 
per cent of Harrington’s cases did not have 
axillary There are other re- 
ports which show over 40 per cent of pa- 
tients without axillary involvement. These 


metastasis. 


are encouraging signs, in spite of what some 
pessimists may believe. There is no reason 
why these figures should not become unt 
versal, and, for that matter, they should 
improve. 

The management of Group P cases Is an 
important problem comprising from 30 to 
sO per cent of the total cases reported in 
many recent series. We may rest assured 


that we are going to see cases of cancer of 


the breast earlier and earlier after their dis- 
covery. We are therefore going to see more 
and more tumors with less and less evi- 
dence that they are malignant. We must 
not be lulled into conservatism by the diag- 


nosis of so-called early cancer of the breast. 
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The lay public is being convinced that early 
cancer of the breast is curable, but that 
claim has been based on the results ob- 
tained by master surgeons doing radical 
mastectomies (without postoperative ir- 
radiation), not on the results of conserva- 
tive surgery. 

We are all aware of the recent, progres- 
sive increase in the mortality rate of mam- 
mary cancer. It is true that increase of the 
female population over fifty years of age 
has some bearing on the increased inci- 
dence and mortality rate. This fact cannot, 
however, account entirely for this increased 
mortality. It has been properly suggested 
that the increasing mortality rate of mam- 
mary cancer could be due in part to the in- 
creasing lack of certainty in the minds of 
some as to the proper therapeutic manage- 
ment of cancer of the breast. 

We advocate the radical operation in all 
Stage 1 and Stage 11 cancers of the breast, 
and shall continue to use it until conserva- 
tive procedures are proved equally effica- 
cious. We do not recommend the continued 
advocation of methods, the merits of which 
have not yet been established. 
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DISCUSSION OF PAPERS BY DRS. LEACH, 
ET AND BRANSFIELD 
AND CASTIGLIANO 


Dr. SopHie Spitz, New York. Dr. McIntosh 
and I have been interested in the subject of 
fibrosis of the lung since 1933. In all that time 
we have certainly not evolved anything as prac 
tical, useful and well reasoned in the way of 
treatment as Dr. Leach has presented, nor in 
deed has anyone else. The simplicity and avail 
ability of the abdominal belt commend it as 
much as does the sound physical rationale és 
tablished for its use. 

We would be interested to know whether the 
belt is as successful in fibrosis arising from 
heavy irradiation of the base of the lung or me 
diastinum. It seems to be established that there 
is a greater morbidity from heavy irradiation of 
the mesial lung and mediastinum than from the 
usual types of breast treatment where the bulk 
of the cross-firing falls more peripherally. 

Dr. Leach states that ‘““we have been unable 
to determine any significant correlation be 
tween the symptoms, signs, degree of fibrosis 
and amount of radiation to the lung.” 

Our conclusions on these points are somewhat 
different and it might be of interest to re-state 
them due to the fact that our technique of 
treating lesions of the breast and our changes of 
technique ran almost parallel with the work at 
Memorial Hospital and our method of comput 
ing lung tissue dose was the same. 


Our reported series of cases was smaller 
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only 60—-but chest films were made immedi- 
ately before and after treatment every month 
for the first six months, every three to four 
months for the next six months, and twice a 
year thereafter as long as followed. This allowed 
of more accurate deduction as to correlation be- 
tween lung tissue dose and degree of fibrosis as 
shown on the film, than if films were made only 
in the presence of symptoms. 

In our 60 cases, 36 showed definite lung 
changes and only 11 showed symptoms. On a 
symptom basis, the other 25 would not have 
been included or any attempt at deduction 
made from them. And these 25 were not all 
mild reactions. One absolutely symptomless in- 
dividual had the highest lung tissue dose in the 
series—g threshold erythema doses at one point. 

I do agree heartily that the correlation be- 
tween symptoms, on the one hand, and depth 
dose and film changes, on the other, is most in- 
secure, but believe the correlation much more 
dependable as between depth dose and film 
changes with modification for age. 

Here, too, our studies differ, showing a defi- 
nite relation between age and permanent lung 
changes. We had a mean age similar to that 
stated by Dr. Leach—-forty-six—-and we had a 
greater number of pneumonitis cases in this 
intermediate age group but a proportionally 
larger number of the Grade 111 and Iv reactions 
in the older cases even though not alway s with 
more severe symptoms. 

However, while I cannot forego stating my 
convictions as to what I believe are rather 
steady correlations among the factors of lung 
tissue dose, lung changes as registered by films, 
and age, | consider that Dr. Leach and his 
associates have taken a long stride ahead of all 
the previous studies on the subject with their 
original and valuable physiological and thera- 


peutic cone lusions. 


Dr. GeorGe M. Dorrance, Philadelphia. | 
am glad to discuss this paper on the “‘Inade- 
quacy of Simple Mastectomy in Operable Can- 
cer of the Breast’’ because several of the cases 
which led the authors to reach their very 
definite conclusions on the inadequacy of sim- 
ple mastectomy in early cancer of the breast 
resulted from the work done at the American 
Oncologic Hospital when I turned over the 
breast service to Dr. Bransfield three or four 
years ago. 

When I first started the breast clinic at the 
American Oncologic Hospital twelve years ago, 
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I insisted upon radical mastectomy on our 
early cases but a number of the cases left us 
some insisted upon simple mastectomy to be 
followed by irradiation while others only 
wanted roentgen or radium treatment. These 
procedures were quite common in many of the 
clinics in Philadelphia at that time. Because of 
this fact, against my better judgment in some 
selected cases, | performed a simple mastec- 
tomy rather than have the case leave the clinic; 
other cases were treated with roentgen rays or 
radium, and in some cases simple amputation 
was done; a number of cases were treated ex- 
clusively by roentgen rays and radium, or sub- 
sequently treated with a simple mastectomy 
did remarkably well and appeared to be free of 
the disease for varying periods—three to seven 
years. 

Local recurrences, however, did result, and 
about this time Dr. Bransfield took over the 
service and he decided to do a radical mastec- 
tomy on every case he considered operable, re- 
gardless of the previous treatment. In every 
case, the pathologist was able to demonstrate 
malignancy. In 4 cases, there was no clinical 
evidence of it. Last year, in our clinic, we had 6 
cases of simple mastectomy done in other clinics 
all of whom showed local recurrence or involve- 
ment in the axilla. A radical mastectomy was 
performed in all of these cases. 

I am convinced from the work in our clinic 
now that simple mastectomy should never be 
done in early cases. These cases are entitled to 
radical surgery, and the sooner it is done the 
better. I am speaking of early cases and not 
simply where simple mastectomy is done as a 
palliative measure. I agree with the authors 
that It 1s impossible to diagnose cancer of the 
axilla clinically and feel there is an error of 50 
per cent in the best clinics. 

I shall not discuss preoperative and post- 
operative irradiation. I am not exactly sure 
where I stand on preoperative irradiation, but 
I have used it a number of times in selected 
cases. However, I do use postoperative irradia- 
tion in all cases. 

-Now, in regard to fibrosis, I feel, as all of us 
do, that we have just heard a remarkably good 
presentation of this subject and there is little I 
can add. We have been doing some experi- 
mental work on rabbits at the American Onco- 
logic Hospital trying to produce fibrosis of the 
lungs. We are not ready to report on it. As a 
matter of fact, we have had such contradictory 
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results that we may have to repeat the whole 
experiment before making a report. From the 
purely scientific standpoint, it is too bad that 
we do not see fibrosis in the breast cases which 
come to autopsy. The majority of these cases 
get well of their fibrosis and hence we lack the 
benefit of the pathological reports. One thing is 
certain, one cannot predict with any degree of 
accuracy what type of patient or what age of 
patient will develop post-irradiation fibrosis. 
The amount and type of roentgen treatment 
given, while it must be a factor is certainly not 
the only factor in causing this condition. 


Dr. FrepericK W. O’Brien, Boston. | 
would like to tell Drs. Leach and Bransfield 
how much I have enjoyed their papers. If we 
have time, I would be interested in having Dr. 
Leach give us a description of his grades of 
fibrosis and also what the roentgenograms show 
in those grades. 

I was particularly interested in Dr. Brans- 
field’s paper. At the outset I would like to say 
that other things being equal, I also believe that 
radical mastectomy is the proper procedure in 
cancer of the breast, but would like to call your 
attention to the fact that when surgeons report 
cases, they are usually reporting survival rates 
on selected cases. It would be fine if they would 
adopt a standardized terminology. One talks of 
survival rate, meaning alive at the end of five 
years, another about cure rate and means with- 
out evidence of disease at the end of five years. 

The radiation therapist doesn’t often have a 
chance to select his cases, but the relative mer- 
its of surgery and irradiation alone or combined 
could be adjudicated rather promptly if sur- 
geons and radiation therapists abandoned the 
Steinthal classification which is purely clinical 
and adopted something such as Portmann’s 
which is a combination of the clinical and 
pathological. 

The surgeon reports a 70 per cent cure rate in 
clinical 1 pathological 1 cases, i.e. those with no 
metastasis to the axillary nodes. Once that oc- 
curs the cure rate sharply drops to 30 per cent. 
This raises the question of the advisability of 
surgery in clin. 11 path. 1 cases. 

The argument against irradiation in the sum- 
mary of Dr. Bransfield’s paper annoys me a 
little because I can’t see how the radiation 
therapist can ever demonstrate what irradia- 
tion can do until he has had the opportunity. It 
is in the clin. 1 path. 1 group, the so-called favor- 
able cases, that the surgeon shows a 30 per cent 
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failure, chiefly due to the character of the tumor 
encountered and its method of spread. 

These rapidly growing tumors with no de- 
monstrable axillary nodes occurring most fre- 
quently in young women are radiosensitive and 
in my opinion should be treated preoperatively 
in an attempt to mobilize the tumor and im 
prove the cure rate for this group. 

Dr. Adair is here to correct me if I am mis- 
taken. His work is constantly quoted to the ef- 
fect that the fibrosis and skin destruction fol- 
lowing irradiation is so grave that operation 
must be deferred from three to six months. My 
recollection is that when he started to do that 
work he had a definite point in mind, viz., to see 
how many carcinomatous breasts and axillary 
nodes he could sterilize. 

I believe you can give preoperative irradia- 
tion which will benefit the patient and allow 
the surgeon to operate with impunity within 
two weeks, as Melnick and his associates have 
done. It is not necessary or desirable to attempt 
to give a cancercidal dose preoperatively. 


Dr. JouNn E. WIRTH, Baltimore. We are con 
stantly being told that we should analyze our 
failures in order to find out what to do in the 
future to better our results. 

I wonder if some of the discussants today 
could not profit by that remark as did the essay 
ist and perhaps analyze their failures a little 
more to tell us how we should irradiate breast 
cancer, postoperatively or preoperatively. 

We are told that we should give postopera 
tive irradiation in that really small number of 
Group 1 cases. To what are the failures due? 
Are they axillary recurrences, supraclavicular 
recurrences, or due to distant metastases? I be 
lieve that in the majority of instances you will 
find that they are due to distant metastases, a 
small group due to supraclavicular metastases, 
and a smaller group to local recurrences. 

To tell everyone to give postoperative irra 
diation doesn’t make very much sense since one 
clinic will have a high percentage of local or 
axillary recurrences because they don’t do 
proper radical dissections; another group who 
do excellent radical dissections will have very 
few local and axillary recurrences but death will 
be due to supraclavicular or distant metastases. 

So I also think it is well to analyze the fail- 
ures and if the individual clinic is getting a large 
percentage of axillary recurrences, then the 
axilla should be irradiated. If a certain percent 
age of them are supraclavicular, then also ir 
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radiate the supraclavicular region, but if they 
are due mostly to distant metastases, | have 
yet to hear the answer. 

Dr. CuHartes L. Martin, Dallas, Texas. 
The large number of cases with pulmonary 
fibrosis observed at the Memorial Hospital is 
somewhat of a surprise to me. In our own clinic 
we seldom see this complication in breast cases. 
This is probably due to the fact that we no 
longer strive to cure this form of cancer with 
roentgen irradiation, but merely attempt to 
augment surgical procedures by giving the 
largest safe doses to the tissue of the chest wall 
and axilla. Since the axillary nodes cannot be 
sterilized even when cross-fired through three 
portals we use only one portal directed into the 
axilla with the arm elevated. The chest wall re- 
ceives tangential irradiation and another portal 
is directed at the base of the neck. When the 
method used is not likely to produce a cure it 
seems to me unwise to adopt a method which 
frequently produces roentgen fibrosis with its 
annoying symptoms. 


Dr. Leacu (closing). | wish to thank the dis- 
cussers for their reception of this paper. 

In answer to the question of Dr. Spitz con- 
cerning the correlation of the signs and symp- 
toms, and the amount of radiation received by 
the lung, we believe that the symptoms depend 
not only upon the fibrosis evident in the roent- 
gengram but, more important, upon the reduc- 
tion of the vital capacity. This is the thing in 
the last analysis that provokes dyspnea. As the 
vital capacity drops, the increased ventilation 
resulting from exercise approaches the maxi- 
mum possible ventilation for the given patient. 


In a patient with a severe degree of fibrosis, if 


the vital capacity is not reduced very much, 
that patient will not be dyspneic with effort. 

Another important point to consider is the 
patient’s psyche. Many patients are chronically 
short of breath with exercise, but the increased 
respiratory effort does not affect them to the 
point of complaining about it. Weight gain oc- 
curring after irradiation is an extremely import- 
ant feature in the production of dyspnea. This 
occurs because their intake of food remains the 
same or increases although their activity de- 
creases because of some exertion dyspnea. As 
the gain in weight grows larger the dyspnea in- 
creases. 

We have been unable to correlate the phys- 
ical signs with the degree of fibrosis in the 
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roentgenogram. One is constantly misled, mis- 
taking relatively little actual pulmonary change 
for advanced fibrosis. This is probably due to 
the diminished thickness of the chest wall and 
better conductivity of the denser tissues. 

Concerning the predilection of the older pa- 
tients to develop fibrosis more easily than those 
in the younger age group, we have not found 
this to be true in our group of patients. From a 
study of the roentgenograms of many patients, 
both young and old, we could not find any sig- 
nificant age difference. 

Unfortunately we do not have adequate ma- 
terial for pathological study. Very few patients 
on the breast service with terminal cancer die 
in the hospital. Many of the autopsied cases 
have had complicating pulmonary metastases 
which immediately precludes use for study of 
radiation pleuropulmonitis. 

In answer to the question concerning greater 
morbidity of pulmonary fibrosis, the nearer the 
process approaches the hilum of the lung; this 
iS absolutely true since the threshold of irritabil- 
ity decreases from the periphery of the lung 
toward the hilum. 

We have had opportunity to study a patient 
who was treated by the old massive dose tech- 
nique in 1932. She had two cycles of 850 r sepa- 
rated by three months. She now complains of 
fever, constant cough and hemoptysis and pro- 
gressive weight loss. She has a chronic diffuse 
pneumonitis in the affected lung. Bronchoscopy 
shows many areas of bronchial ulceration and 
other later radiation changes in the mucous 
membrane of the bronchi. 

Dr. O’Brien asked our method of grading 
radiation fibrosis. Although we are somewhat 
unorthodox we grade them on the following 
basis according to the roentgenogram: 

Grade 1—Appreciable diffuse haziness of the 
lung field within the area treated. 

Grade 11—Heavy haziness and patchy infil- 
tration. The mediastinum and/or the diaphrag- 
matic leaf are drawn toward that area. 

Grade 111—Dense opaque pulmonary tissue 
within the treated area, and marked retraction 
of the mediastinum and diaphragmatic leaf 
toward the affected area. 

Dr. Lenz asked the question concerning right 
heart failure in these patients. Except one pa- 
tient in a study of this group and other patients 
there has not been one instance of right heart 
failure occurring in patients suffering from pul- 
monary fibrosis due to irradiation. 
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It is physiologically unsound to expect right 
heart failure in radiation pulmonary fibrosis un- 
less one of three things has happened. There is 
either (1) such distortion of the mediastinum 
with angulation of the pulmonary artery or (2) 
mediastinal fibrosis or (3) metastatic disease is 
constricting the pulmonary aorta or obstructing 
the main pulmonary veins with resultant right 
ventricular strain and later failure. 

Some time ago Wiggers pointed out that at 
least 60 per cent of the lumen of the pulmonary 
artery must be obstructed before right heart 
strain is evident. Considering one whole lung 
fibrotic, which rarely occurs, this would repre- 
sent $0 per cent of its entire capillary bed, and 
this in turn is not equivalent to the resistance 
of occluding 60 per cent of the lumen of the pul- 
monary artery. 

One cannot depend on electrocardiography to 
support statements of the frequency of chronic 
cor pulmonale since such changes are not due to 
cardiac changes but to changes of the position 
of the heart in relation to other intrathoracic 
structures. 

Dr. CastIGLiano (closing). I appreciate the 
opportunity of being permitted to make a few 
remarks. I think the important thing that all 
men interested in the problems of oncology 
should bear in mind when they make public 
statements, whether they be printed or heard 
by lay groups or organizations that will make it 
available to the lay public, is seeing that the 
remarks are made in such a way that there is no 
chance of being misunderstood. 

In regard to diagnosis and simple mastec- 
tomy, in the hands of the most experienced 
men, error in diagnosis of cancer of the breast 
and the extent of the cancer is so large that I be- 
lieve we should probably be a little bit less 
scientific and more empirical in the method of 
procedure. In other words, one should not apply 
his reasoning powers to a given case and say, 
“Now this should be treated in such a fashion.”’ 
This has been pointed out by others; it is not 
original with us at all. I think if we treat prob- 
lems in a general way rather than trying to de- 
termine what each patient should have, we may 
improve our end-resultsand certainly will bz bet- 
ter able to interpret our results. In other words, 
if the leaders in the field can make errors of 50 
per cent in diagnosis of breast conditions and 
up to §0 per cent in Group 1 and 11 cases, it is 
obvious that the average surgeon will probably 
make far greater average errors and be misled 
into simple mastectomy. 
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More than a few surgeons are performing 
simple mastectomies who are not talking about 
it. While traveling around the country, I have 
seen good surgeons doing simple mastectomies 
and saying, ‘“‘Well I know I am not supposed to 
do this, but I think I am getting just as good 
results,” —impressions which I think have been 
disproved since the days of Halsted. 

In answer to Dr. Lenz’s question of what 
cases to operate upon, I don’t believe that any- 
body follows any hard and fast rules of oper- 
ability. We strive to do that, but we hold pretty 
much the position of Harrington that if we 
think we can benefit the patient by operation, 
we attempt a radical operation. 

We agree entirely with Dr. Lenz in the state 
ments that he made. I don’t think there is any 
question in the minds of many here that even 
in cases where you do have metastases, that 
group itself can be broken down and the end 
results for the two groups show a wide varia 
tion. 

We have studied our end-results according to 
low lying axillary metastasis and axillary me 
tastasis high in the apex and the presence of 
several large glands, and there is a difference. 
I think Bloodgood reported Over 40 per cent 
five year survivals without evidence of disease 
in the low lying metastatic group, which cer 
tainly is a far more impressive figure than the 
15 to 23 or 25 per cent for the general group. 

I think that that is probably an argument in 
favor of surgery, because most surgeons ignore 
the effect on their statistics by accepting cases 
which they might otherwise have declined to 
operate on. 

In regard to irradiation, we have no argu 
ment with anyone who wishes to treat his case 
with postoperative irradiation. We use that 
routinely and we firmly believe that it is of 
value. 

In regard to what kills the patient with can 

cer of the breast, I don’t know, but that could 
be discussed at great length. I think one thing 
that is very significant is the fact, as pointed out 
in the paper, that men who, by reputation and 
by fact, do perform the classical operation are 
able to show impressively better end-results, 
I am talking about patients that live without 
evidence of disease for longer periods of time. 
This indicates that perhaps there must be some 
thing to the radical operation and to the re 
gional metastases in relation to survival. 

In an unpublished paper from a large clinic 
in New York City, where cases have been taken 
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alternately, the end-results show that the sur- 
geons whose time has been longer at the opera- 
tion have impressively better end-results, and 
it seems to me that if they were all doing radical 
mastectomies, such fundamental 
things as the amount of skin removed, subcu- 


certainly 


taneous cleavage of the fascia, removal of the 
pectoralis major and pectoralis minor muscles, 
would be considered important. 

All the surgeons in that hospital were prob- 
ably employing a fairly uniform technique so 
that part of the operation was more or less clas- 
sical. Where, then, was the additional time 
spent? I don’t know but it seems to me that it 
might well have been spent in the axilla and 
those men who did spend additional time in the 
axilla were able to show definitely higher sur- 
vival rates than the others. That is impressive 
and only a hint; it may or may not mean much. 

In regard to the cases treated by irradiation 
and followed at a late date by secondary radical 
mastectomy, some of those patients went as 
long as five years before being subjected to a 
secondary operation. Now we know that sec- 
ondary operation is associated with poor re- 
sults in cases that have previously had simple 
mastectomy, followed by radical irradiation. 

I am not so sure anybody knows just exactly 
what the end-results will be in cases that have 
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been treated by irradiation, perhaps one or two 
or more cycles, over a period of three to four 
years. Many of these patients were question- 
able. We were not sure whether they had cancer 
or not. We felt they did have, and we gave them 
the benefit—or what we considered the benefit, 
at least —of a radical operation and we of course 
will not know for some time what the results in 
these cases are to be. 

I don’t believe there is such a thing as an 
early case of cancer of the breast, because cer- 
tainly we can’t demonstrate it pathologically. 
There are many pathologists today who insist 
that a diagnosis of cancer cannot be made in the 
absence of invasion microscopically. 

Dr. MacCarty of the Mayo Clinic, and 
others, believe that a cytologic diagnosis can be 
made but an unequivocal diagnosis of cancer of 
the breast cannot be made without invasion. 
We have had that demonstrated time and again 
in published reports. So if we cannot make a 
diagnosis of cancer of the breast pathologically 
in an early case, how can we hope to make it 
clinically? 

As to the borderline advanced cases, it is a 
matter of opinion as to how they should be 
treated and I think if wishes to go 
ahead according to his judgment and use irra- 
diation or surgery, it should be done. 
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N 1939 we published in this Journat! 
the results which we had obtained by the 
use of roentgen therapy in otitis media. In 
our summary of this article we expressed 
our satisfaction with this mode of treatment 
and we have not altered our opinion since 
then. In this article we wish to give the re- 
sults of further work in this field of therapy. 
A search of the literature reveals that 
only two additions have been made since 
ours. Woodward" reports the use of roent- 
gen therapy in 34 cases of acute otitis media 
which were given “adequate therapy, 
with no evidence of any definite benefit, but 
the author says that he has seen cases bene- 
fited by its use in the reduction of lymphoid 
tissue in the nasopharynx and about the 
orifices of the eustachian tubes. He has also 
seen results when this form of treatment 
was employ ed for polyps and granulation 
tissue in chronic purulent otitis media. On 
the other hand, Dowdy, Heatly and Pierce’ 
report that this method is of distinct value 
in relieving the acute symptoms and | 
shortening the course of the disease. They 
employed this form of treatment in 30 
cases, using one or more doses of 100 roent- 
gens, and compared the effects with 26 
controls. They found that in the acute, 
purulent, uncomplicated cases, the dura- 
tion of the condition was shortened by six 
days, while in the complicated cases it was 
shortened by sixteen days. 

In one of the reviews! of our previous 
paper, the comment was made that the ef- 
fect of the irradiation was due to a decrease 
in the lymphatic tissue in the eustachian 
tube and in the middle ear, which allowed 
better drainage. As one of us has pointed 
out,’ the eustachian tube opens 2 to 3 
millimeters above the floor of the tympanic 
cavity, and so complete drainage cannot 
take place. Again, roentgen therapy has 
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been employed in other types of acute and 
chronic inflammatory conditions where 
drainage could not take place, and the re 
sults obtained could be explained only by 
the process of breaking down, liquefaction, 
and absorption of the cellular débris. The 
work of such men as Cushway and Maier,” 
Tyler,® Desjardins,'” Wintz,® and Milani, 
has demonstrated this. 

The technique used in this series is the 
same as was previously employed. It con 
sists of 85 kv. (peak), 5 ma., 16 inch target 
skin distance, and 1 mm. aluminum filter. 
The dosage was $0 to 60 r in infants, and in 
young children and adults the 
varied from 60 to 100 r. 


dosage has 


In this series we are reporting §2 addi 
tional cases, which brings our total to 11 
Krom Table 1it can be seen that in the cases 
of acute catarrhal otitis media our results 
have remained unchanged, with the excep 
tion that the average dose has been in 
creased. Several cases in this group have 
received this form of therapy more than 
once. Two patients have received four 
separate treatments and 2 patients three 
separate treatments. All of these responded 
readily without any complication, and as 
far as it can be determined, there has been 
no adverse effect upon hearing acuity. 

As far as the cases of acute purulent otitis 
media are concerned, the average dose re 
mains the same, but the number of treat 
ments has been increased very slightly, as 
well as the time before the ear was dry. 

The cases of chronic purulent otitis 
media show a slight increase in the number 
of treatments, an increase in the average 
dose of 12 r, and an increase in the duration 


of the discharge of almost two and a half 


days. 
The only explanation we are able to give 
for the differences just mentioned is that, 


* From the Departments of Otolaryngology and Radiology, Vaughan-Wright-Bendel Clinic, Monroe, Louisiana 
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TABLE | 
Acute Catarrhal Acute Purulent Chronic Purulent 
Otitis Media Otitis Media Otitis Media 
\ver Aver Aver- 
age Drum age Ear age var 
age > age 
oO. No. Normal oO. No. Drv oO. No. Dos Dry 
lreat Days Cases lreat- OSE Days Treat- Days 
ments ments ments 
Kirst 33 72.9 18 8.16 7 1.3 64.54 | 11.63 
series 
Second 33 I 79 5.53 14 73.33 72 1.68 76.49 14.05 
series 
Total 66 75.98 32 | 26 2 69.52 | 12.64 
series 
in such a small series of cases, a variation tory conditions. 7. 4m. M. Ass., 1931, 96, 401- 
of this sort usually occurs. But in consider- sa 
4. Desyarpins, A. U. Action of roentgen rays or 
ing the series of cases as a whole, we are alee 
radium on inflammatory processes. Radiology, 
struck by the fact that the duration of any 1937, 20, 436-445. 
of the three types 1s much less than it s. Downy, A. H., Heatiy, C. A., and Pierce, 
would be without roentgen therapy. We W. W. Evaluation of roentgen irradiation as 
wish to reiterate our statement that in this idjunct in treatme it of acute otitis media; 
. : preliminary report. Radiology, 1939, 32, 661- 
form of therapy, the otologist has a valu Pn : ' 
able means of treatment which should be — 6, Miani, E. Radiotherapy of inflammatory af- 
1 } y - 
more widely employ ed. We have yet to see fections. Strahlentherapie, 1932, 43, 401-440. 
any il] effect resulting from its use. 7. TITcHe, L. L. Mode of action of X-rays in otitis 
media. New Orleans M. & S. 1939, 92, 203- 
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ROENTGEN THERAPY OF DIPHTHERIA CARRIERS 


By A. JUSTIN WILLIAMS, M.D., and THOMAS M. FULLENLOVE, M.D. 
University of California Service, San Francisco Hospital 
SAN FRANCISCO, CALIFORNIA 


INTRODUCTION 
ERIA carriers are a 
economic and public health problem 
to any community (to some, quite costly). 
The approach to the subject, as here pre- 
sented, is intended as a rational and logical 


serious 


this falls short of an accurate definition and 
leads us into many erroneous conclusions. 
Although there are several types of carriers, 
only a few are clinically important. The 
classification given by Mitman™ shows this 
admirably: 


CLASSIFICATION OF DIPHTHERIA CARRIERS (AFTER MITMAN)!* 


Infection 
| 
Susceptible 
4 
Incubating Overt Latent 
Carrier Infection Infection 
| 
> Immune 
Convalescent 
Carrier Contact 
| Carrier 
Persistent or Intermittent 
Continuous Carrier 
True Ixternittent Re-contact 
Carrier Carrier 


help. The cases presented are merely exam- 
ples of the types, not an accumulation of 
data, and are intended to show the value of 
roentgen therapy. 

Diphtheria carriers, as such, are stressed 
more than they should be, and not enough 
is said about how they should be treated, 
largely because no satisfactory means of 
therapy (aside from roentgen therapy) is 
available in a large percentage of cases. 


DEFINITION 

It is difficult to define a diphtheria carrier 
accurately. We believe no one would argue 
with the definition that a carrier is any per- 
son, not suffering with the disease, who har- 
bors and disseminates the germs. However, 


As can be seen, the persistent carrier and 
intermittent carrier are the most important. 
The other stages are really temporary and 
exist only during the time that the in 
dividual is developing immunity. From 
such an outline, one can readily see how 
these individuals might be falsely labelled 
carriers. 

The methods of examination of a carrier 
are mostly laboratory procedures: 


(1) Throat and nose swab 

(2) Virulence test on positive culture 

(3) The Schick test should also be in 
cluded as a positive one indicates that the 
individual may be suffering from an overt 
or latent infection and is only a susceptible 
type of carrier. A susceptible carrier is th 


766 


194 


Vol No 


type in which the Klebs-Loeffler bacilli dis- 
appear when the patient becomes immune 
providing, of course, that there is no 
chronically diseased mucous membrane). 

In addition to these laboratory examina- 
tions, the clinical examination of the nose 
and throat must be done, because a dis- 
eased mucous membrane is most impor- 
tant. 


LOCATION OF INFECTION IN 
CARRIER STATI 


The upper respiratory tract is the most 
common site of the bacilli in the carrier 
state. The chronic running ear is occasion- 
ally the site. Coachman! reported an eye 
carrier, but this and other sites are rare. 

Harvey’ and Kahn"® found that the pres- 
ence of an abnormal mucous membrane or 
physical abnormality in the nose, naso- 
pharynx or throat was the main predispos- 
ing factor in starting or maintaining the 
carrier state. Harvey also found that the 
diphtheria bacilli were liv ing only a Sapro- 


phytic existence in the inflamed products of 


the mucous membrane. 

The ability to cure a carrier has been, in 
the past, directly proportional to the acces- 
sibility of the organism. Throat carriers are 
easily cured, nose carriers are difficult to 
cure: the ear carrier has had no successful 
form of therapy. Since the use of roentgen 
therapy, however, all types of carriers have 
been successfully treated. 


METHODS OF TREATMENT 


Harvey’s® exhaustive study of various 
tvpes of treatment are summed up in his 
table of figures of all ty pes of carriers: 


Tota 
No. Failures 
Treatment Cures 
Cases per cent 
per cent 
Vaccines 42.1 $7.9 
Nasal douching Se 78 22.2 
Vaccines and nasal 
douching combined 7 C7 42.9 
Tonsillectomy and 
adenoidectomy, 6 


These figures are in accord with other 
workers. Hickey,’ in his report, found 68 


per cent cures with mercurochrome swabs. 
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The following results of roentgen ther- 
apy, published in this country and in 
Europe from 1922 to the present day, are 
by no means complete, but are representa- 
tive of the results obtainable: 


Cases Per cent 


Hickey’ 39 80 
Streil! 150 97 
Laquerriere, Kuentz and Roget"! 17 100 
Rogers i8 100 
Humphreys, Withers and Ranson® 39 go 
Kahn!? 185 100 
Coachman! 24 95 
472 94-5 


RATIONALE OF THERAPY 

In treating diphtheria carriers, the aim is 
to elimate the organism. This is accom- 
plished by: (1) restoring the diseased mu- 
cous membrane to normal; (2) immunizing 
the patient to the Klebs-Loeffler bacillus. 

Removal of the diseased mucous mem- 
brane, or surgical correction of the condi- 
tion causing pathologic changes, can ac- 
complish much. However, due to the inac- 
cessibility of some of the diseased tissues, 
surgical methods often fall short. In sinus 
operations, quite often, one pathological 
condition is merely substituted for another, 
as in the Caldwell-Luc operation of the 
antrum. 

Rosenau' mentions the use of swabs, 
sprays, gargles, antiseptics, vaccine, toxin, 
antitoxin, as well as the overlaying the 
throats with cultures of staphylococci, but 
concludes: ‘““We must acknowledge that all 
these measures often fail. The relief of ba- 
cillus carriers is one of the unsolved prob- 
lems in preventive medicine!” This state- 
ment was made in spite of the fact that the 
value of roentgen therapy was established 
and reported as early as 1922. Even today, 
many refuse the benefit of roentgen therapy 
to carriers, either because of prejudice or 
lack of understanding of the value and the 
complete safety of the procedure. As will be 
shown later, the total dosage necessary is so 
small that there is not the slightest danger 
to the most protracted treatment that may 
be necessary. 
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As a good many carriers are due to the 
presence of a latent infection from a partial 
susceptibility, the simple procedure of im- 
munization will eliminate a great many so- 
called carriers. Rosenau says that Klebs- 
Loeffler bacilli disappear in 50 per cent of 
cases by the time the local membrane has 
disappeared; in two months there are § per 
cent positive, and 2 per cent at three 
months; I per cent persists as chronic car- 
riers. As can be seen by the chart of Mit- 
man, the great majority of carrier types are 
due to susceptibility. 

It has been shown by Desjardins?* and 
Hodges and Berger’ that the natural proc- 
ess of resistance to infection is accelerated 
by roentgen irradiation. The accumulation 
of old lymphocytes and leukocytes is des- 
troyed and new cells allowed to enter the 
field. Phagocytosis by the reticulocytes is 
stimulated, probably by opsonins or other 
factors liberated by the destroyed lympho- 
cytes. As a result, the hypertrophied and 
chronically inflamed lymphoid tissue is 
shrunken and dissolved. 

Dubowyi and his associates* investiga- 
ting the bacterial flora of the throat, found 
that following only one roentgen treatment, 
a large percentage of streptococcus and 
staphylococcus infection disappeared. Ull- 
mann and Nuzum" obtained like results in 
a similar investigation. 


TECHNIQUE OF TREATMENT 


The nasopharynx is treated through two 
lateral fields up to 10 by 15 cm., depending 
upon the size of the patient. Treatments 
are given through each portal the same day, 
and repeated on alternate days until three 
are given. The series is repeated in one week 
if the cultures remain positive. If, after the 
second course, the culture remains positive, 
virulence tests should be done on the cul- 
tures. The series may be repeated the third 
time with complete safety, but neither in 
our cases nor in those reported was this 
necessary. 

The following factors are used: 200 kv., 
50 cm. target-skin distance, half-value 
layer = 1.00 mm. copper, 10 per cent of an 
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erythema dose to each field. In those tases 
which received two courses, only 60 per 
cent of an erythema dose was given in all 
over a period of three or four weeks. 


REPORT OF CASES 


Case 1. L. C., aged fourteen, contact to 
brother who had diphtheria on July 15, 1939. 
Schick test negative in 1936. On August 9, 1939, 
cultures of her nose and throat were positive fot 
Klebs-Loeffler bacilli. The virulence test was 
positive on August 15, 1939. On physical exami 
nation the throat appeared negative. Roentgen 
therapy was begun on August 2, 1939, and three 
treatments were given. Cultures became nega 
tive and after the three treatments remained so. 

Case 1. D. C., aged ten, same family as Case 
1, contact to brother. Schick test negative 
1936. Nose and throat cultures were positive on 
August 9, 1939, and remained positive. On 
physical examination tonsils appeared slightly 
inflamed. Roentgen therapy was begun on Aug 
ust 23, 1939, and three treatments were give! 
Cultures remained positive, and a second courst 
of roentgen therapy was repeated two 
later. After the second series the cultures be 


WeeKS 


came negative. 
Case ui. D. R., aged thirty-five, had a rou 
tine culture by the Health Department on 


June 24, 1939, which was positive. Virulenc 
test was positive at the same time. This re 
mained so in spite of other treatment and pa 
tient was referred for roentgen therapy. Schick 


test was negative. Physical examination re 
vealed nose and throat to be negative. Ro 
therapy was begun on July 6, 1939, and 
treatments were given. Cultures became nega 
tive and remained so after the treatments. 
Case tv. E. C., aged eight, had diphtheria on 
July 1S, 1939. Nose and throat cultures wert 
positive following the disease. Roentgen 
apy was begun on September 15, 1939, anc 
three treatments were given, but culture re 
mained positive. A second course of roentgen 
treatments 
negative. 
Case v. M. L. A., aged eight, admitted 
January 24, 1934. Five days before patient ce 
veloped sore throat with high fever which per 
sisted. Physical examination showed the cet 


pharynx was red and swollen. Tonsils were larg: 


was given and cultures became 


vical nodes to be enlarged and tender. 


and injected and covered with tenacious gray 
membrane. Temperature 102.2° Fk. Laborator 
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findings: Virulence test was positive on Jan- 
uary 27, 1934. Urinalysis negative. Erythro- 
cytes 6,000,000; leukocytes I 3,800, with 81 per 
cent polymorphonuclears. On entrance 20,000 
units of diphtheria antitoxin were given and 
the patient rapidly improved. However throat 
cultures remained positive. Roentgen therapy 
was begun on March 8, 1934, and five treat- 
ments were given. After three roentgen treat- 
ments, throat became negative and remained so. 

Case vi. B. J. DeV., aged three, was admit- 
ted to the hospital on July 3, 1939, after a con- 
vulsion and vomiting. She had not been well 
for three days but, due to her mental deficiency, 
this was difficult to determine. Mother had had 
sore throat with fever for past week. Physical 
examination: ‘Temperature 102° F. Entire 
throat inflamed. Tonsils enlarged, cryptic and 
covered with pus. No membrane seen. There 
Was a spastic paraplegia ot lower extremities, 
and patient appeared to be an idiot. Laboratory 
findings: Wassermann-Kahn negative; urinaly- 
leuko- 


, with 80 per cent polymorphonu- 


sis negative. Erythrocytes 4,30 
cytes 23,7 
clears. Klectrocardiogram negative. On July 4, 
1939, membrane appeared in throat. On July § 
cultures were positive for Klebs-Loeffler bacilli. 
Patient was given 20, units of diphtheria 
antitoxin and virulence test became negative at 
this time. Patient recovered in a few days and 
membrane disappeared. Patient remained well, 
but cultures continued positive and virulence 
test became positive. Roentgen therapy was 
started to throat and three treatments were 
given. Cultures became negative within two 
days and remained so. 

Case vu. D. L. B., aged two years eight 
months, was admitted to the hospital on Aug- 
ust 6, 1939, with a history of fever for two days. 
The day before entry throat was cultured and 
was found positive for Klebs-Loeffler bacilli. 
No sore throat was complained of. No immuni- 
zation against diphtheria. PAysica/ examina 
tion: Whitish-gray membrane on surface of ton- 
sils. Twenty thousand units of diphtheria anti- 
toxin were given intramuscularly in buttocks 
after negative sensitivity test. Laboratory find- 
ings: Urinalysis negative. Erythrocytes §,1 

leukocytes 32,4 


, with 89 per cent mor- 
phonuclears. Electrocardiogram negative. On 
\ugust 14, 1939, tonsils were large with a small 
amount of exudate still present. Cultures and 
virulence test were still positive. On August 21 
the exudate was gone, tonsils still inflamed and 
patient appeared well. On August 25 tonsils 
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continued large and inflamed. On August 30, 
Ear, Nose and Throat Consultation advised 
tonsillectomy, which was performed on Sept- 
ember 1. Roentgen therapy was begun on Aug- 
ust 18 and three treatments were given. Throat 
cultures remained occasionally positive until 
tonsillectomy was done, after which they be- 
came negative. No virulence test was done after 
treatment. 

Case vu. C. B., aged thirty-eight, was ad- 
mitted on September 6, 1939. Patient was in 


jail and developed sore throat with malaise and 


vague pains in his body. He had difficulty in 
swallowing. A throat culture was taken on the 
third day and was positive for Klebs-Loeffler 
bacilli. He was sent to Isolation. Past history: 
For several years patient has suffered from at- 
tacks of sore throat with general malaise. At 
these times his tonsils would have a yellow exu- 
date on them. These attacks would subside with 
the usual treatment. Physical examination: 
Tonsils present and small. Pharynx red and 
edematous. Examination otherwise ‘negative. 
After a negative scratch test 10,000 units of 
diphtheria antitoxin were given intravenously 
without reaction. Laboratory findings: First 
positive culture on September 6, 1939; viru- 
lence test positive on September 11. Urinalysis 
negative. Wassermann and Kahn reactions 
negative. Erythrocytes 4,200,000, leukocytes 
15,000, with 81 per cent polymorphonuclears 
and 12 per cent lymphocytes. On September g 
the throat was well, exudate had disappeared. 
Tonsils and pharynx were normal, no swelling; 
cultures were still positive. On September 25 
patient complained of sore throat again and 
throat appeared red and swollen. Cultures still 
positive for Klebs-Loeffler bacilli. Roentgen 
therapy was started on September 27 and three 
treatments were given. Cultures became nega- 
tive after first treatment and remained so. 
Case 1x. T. B., aged twenty-two, was admit- 
ted on September 8, 1939. He was in jail serving 
a thirty day sentence. His jail partner devel- 
oped a sore throat and culture was positive for 
Klebs-Loeffler bacilli, and he was sent to the 
hospital. Patient had had diphtheria about 
twelve years ago. Physical examination: Dental 
caries. Tonsils present, small and cryptic and 
not inflamed. Remainder of physical examina- 
tion negative. Laboratory findings: Schick test 
negative; nose and throat cultures positive for 
Klebs-Loeffler bacilli and virulence test was 
positive at the same time. Urinalysis negative. 
Wassermann reaction negative. Erythrocytes 
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4,460,000, leukocytes 80,800, with 86 per cent 
polymorphonuclears, 10 per cent lymphocytes 
and 4 per cent monocytes. Cultures remained 
positive and roentgen therapy was begun on 
September 27, 1939. Cultures still remained 
positive but virulence test became negative on 
October 5, 1939 and was also negative on Octo- 
ber 21. Patient had tonsillectomy on day before 
dismissal and pathological report of tonsils was 
chronic tonsillitis. 


CONCLUSIONS 


(1) We have presented nine cases of 


diphtheria carriers of various types treated 
by roentgen irradiation, all of which were 
benefited by the treatment. 

(2) All types should be treated by roent- 
gen irradiation because of the possibility 
that one type can develop into another 
more chronic type. Immunization should be 
continued as at present, and its use spread 
to cover adults who are carriers and who 
are Schick positive. 

(3) Mitman’s outline clarifies the types 
of carriers, and cultures and Schick tests 
should be done simultaneously for more in- 
telligent treatment. In Schick positive car- 
riers (susceptible type) immunization 
should be combined with roentgen therapy. 


We are indebted to Dr. George H. Becker and Dr. 
Raleigh W. Burlingame cf the San Francisco De- 
partment of Public Health for their cooperation in 
making this study possible. 
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TUBERCULOSIS OF THE BREAST TREATED WITH 
ROENTGEN IRRADIATION* 


By SAMUEL RICHMAN, M.D. 


NEW YORK, NEW YORK 


UBERCULOSIS of the breast is a rela- 

tively rare disease. Lee and Floyd in 
1934 found a total of 399 proved cases in 
the literature, of which 14 were in males. 
The disease usually occurs between the ages 
of twenty and forty. 

Tuberculosis of the breast is usually uni- 
lateral. Of the 399 cases collected by Lee 
and Floyd, the disease was bilateral in only 
13. Tuberculosis of the breast is considered 
to be primary when there is no evidence of 
the disease in any other part of the body. 
In the 399 cases mentioned above, 234 were 
classified as primary. Tuberculosis may at- 
tack the axillary lymph nodes and second- 
arily invade the breast. This may have been 
the case in the patient to be presented here. 
The axillary lymph nodes are said to be in- 
volved in over 50 per cent of the cases. 
DIAGNOSIS 


The most frequent symptom is a painless 
lump in the breast. When seen for the first 
time, the differential diagnosis from cancer 
of the breast may be impossible. The early 
involvement of axillary lymph nodes in 
tuberculosis is of no aid in the diagnosis. 
How ever. the disease progresses more 
rapidly than cancer. Early ulceration with 
sinus formation is of great differential 
diagnostic value, since this occurs very fre- 
quently in tuberculosis of the breast. The 
diagnosis should be made as soon as possible 
without waiting for the skin ulceration. 
Unless this occurs, only histological exami- 
nation of the removed specimen can give 
the final diagnosis. One must also realize 
that tuberculosis and cancer may be co- 
existent in the same tumor, or cancer may 
be present in the breast and tuberculosis in 
the axillary lymph nodes. The tubercle 
bacillus has been identified in only a few 
cases of tuberculosis of the breast, and in 
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all these the bovine type was found. How- 
ever, the number of instances in which 
cultures of the bacilli were made is as yet 
too small to justify any definite conclusion. 
In cases of breast abscesses which do not 
heal within a few weeks, even though bac- 
teriological study is negative for the tu- 
bercle bacillus, a biopsy of the abscess wall 
is advisable to rule out tuberculosis. 


PATHOLOGY 


Berger and Mandelbaum divide the path- 
ologic changes of tuberculosis of the breast 
into three groups. 

1. Nodular type (discrete, disseminated 
and confluent). The discrete form is the 
most frequent. The tubercle is usually situ- 
ated in the connective tissue, rarely in the 
duct or periductal tissue. The acini are de- 
stroyed by reactionary lymphatic infiltra- 
tion. The tubercle enlarges to form a mass. 
Caseation takes place, and if suppuration 
occurs, sinuses are formed. Daughter tu- 
bercles form at the periphery of the area in 
the disseminated type. In the confluent 
form, liquefaction necrosis takes place in 
several of the tubercles and these caseous 
suppurative masses communicate with each 
other. 

2. Sclerosing type. Usually in old persons. 
The breast small, hard and 
shrunken. 


becomes 


3. Atypical: (a) obliterating tuberculous 
mastitis (obliteration of the ducts); (4) 
intraglandular cold abscess represents an 
advanced stage of the confluent type. 

TREATMENT 

Medical. Berger and Mandelbaum believe 
that tuberculin injections produced con- 
siderable improvement in one patient with 
tuberculosis of the breast. These authors 
state that ‘‘any form of medical treatment 
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that offers the possibility of cure without 
subjecting a young woman to the humilia- 
tion consequent to the loss of a breast is 
deserving of a thorough trial.” 

Surgical. Excision and drainage of a 
tuberculous abscess usually results in failure 
of its cure. In the discrete nodular type a 
local excision may result in complete heal- 
ing.”’> However, local excision of the seg- 
ment of the breast involved is frequently 
not curative because the sinus tracts are 
tortuous and one is apt to leave behind an 
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were well for periods varying from three to 
eighteen months after the commencement 
of the therapy. He strongly advises that 
roentgen therapy should always be tried 
before surgery. Holfelder, in discussion of 
above publication, added one other case of 
tuberculosis of the breast which was ir 
radiated at his Institute; this patient was 
well for three years. Goldberg has recently 
also treated such a case. Radiation therapy 
was given to a lump in the breast prior to 
an intended biopsy. The mass disappeared 


TABLE I 


AREAS IRRADIATED AND DOSAGE ADMINISTERED TO EACH 


Dates Field Irradiated 
10/ 2 to 12/12/39 Left breast, mesial oblique 17X15 cm. 5 
10/ 2 to 12/12/39 Left breast, lateral oblique 17 X15 cm. SO 
10/13 to 12/12/39 Left axilla, anterior 10 X15 cm. Rox 
2/19 to 3/20/40 Left lateral breast and axilla 17X17 cm. 
5/24 to 6/24/40 Left axilla anterior, lateral oblique 8 X10 cm. 3 
5/24 to 6/24/40 Left axilla anterior, mesial oblique 8 X10 cm. 36 
8/12 to 8/27/40 Left axilla direct 8 XIO cm. 4 


area of disease in which another abscess will 
develop later.' Some advocate simple mas- 
tectomy in all cases, especially if skin ul- 
ceration is present. If the axillary lymph 
nodes are involved, an axillary dissection 
should be done at the same time. It has also 
been suggested that the breast alone be 
operated upon and the axillary lymph 
nodes be treated with radiation. 

Radiotherapy. The well known success 
with radiation therapy in the treatment of 
tuberculosis of peripheral lymph nodes 
should suggest the use of this form of 
therapy in tuberculosis of the breast. The 
reasons for the use of roentgen therapy are 
as follows: (1) there is no mutilation and 
psychic trauma such as accompanies mas- 
tectomy; (2) there is no mortality, and (3) 
there is a high cure rate. 

Search of the literature has revealed only 
one publication on irradiation of tubercu- 
losis of the breast. Glauner, who is the 
author of this article, reported 3 cases 
treated only with roentgen rays and all 


but an area of redness and finally sinus 
formation resulted. Guinea pig inoculation 
of the discharge from the sinus revealed 
the presence of tubercle bacilli. Radiation 
therapy was given to the sinus and a cure 
was obtained. 

Technique of Roentgen Therapy. Glauner 
used 110 kv., 0.2 mm. Cu, as well as 180 kv., 
0.5 mm. Cu filter with doses of go to 1sor 
(measured in air), every two to three weeks 
for three to twelve treatments until the dis 
ease had disappeared. Holfelder employed 
180 kv., 0.5 mm. Cu filter, with doses of 25 
to 400 r (measured in air), every week or so. 


REPORT OF CASI 


M. A., unmarried female, negress, aged 
twenty-eight, first noted a left axillary swelling 
in May, 19 39. This drained spontaneously 
within a few days. Several days later, the left 
breast began to enlarge and became hot and 
tender to the touch. She entered another insti 
tution on June 24, where an incision and drain 
age of the swelling in the left breast was done. 
Smears from the pus obtained showed gram- 
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positive cocci and Staphylococcus aureus. Cul- 
ture from the pus in the left axillary nodes re- 
vealed B. co/i. Blood culture was negative, as 
was also roentgen examination of the chest. 
Patient was discharged from that hospital after 
a stay of one month. She was re-admitted two 
and one-half months later, September 8, 1939, 
because the abscesses in breast and axilla did 
not heal. A wide incision was made over an. 
abscess in the left breast and 500 cc. of creamy 
pus were evacuated. At the same time, a biopsy 


kic. 1. Low power magnification of tissue removed 
at biopsy showing tubercle formation. 


was taken from the wall of the abscess. A cul- 
ture of the pus showed Staphylococcus albus. 
The histological report of the removed tissue 
“tuberculosis.”” This diagnosis was con- 
firmed by our Pathology Department (Fig. 1.) 
The patient then for radiation 
therapy. 

The patient was first seen in our Hospital on 
October 2, 1939, and the following note was 


Was 


was referred 


made: ‘“There are two large longitudinal inci- 
sions in the upper outer quadrant of the left 
breast. The wounds are wide open and present 
clean granulating surfaces. There is consider- 
able induration surrounding these wounds. A 
large mass of firm lymph nodes, Io cm. in diam- 
eter, 1s present in the left anterior axilla, ex- 
tending into the infraclavicular area (Fig. 2). 
The supraclavicular area is normal. The right 
breast and regional lymphatics are normal.” 
Roentgen examination of the chest showed no 
evidence of any abnormality. 

Radiation therapy was begun on October 2, 
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Fic. 2. Appearance of lesion in breast prior to radia- 
tion therapy. The extent of lymph node enlarge- 
ment in axilla is outlined. 


1939 (Table 1). The physical factors employed 
were: 200 kv., 20 ma., 0.5 mm. Cu plus I.o mm. 
Al filter (half-value layer 0.89 mm. Cu), and 50 
cm. focal-skin distance. The entire left breast 
was irradiated using two tangential fields, me- 


Fic. 3. 


Appearance of breast in March, 1941, 
eight months after last roentgen treatment. 
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sial and lateral, each measuring 17 by 15 cm. 
The axillary lymph nodes were treated at first 
by using 10 by 15 cm. portals, but as the nodes 
decreased in size, these were reduced to & by Io 
cm. The dose per field was 75 to 100 r, measured 
in air, at weekly intervals. 

Course. On October 13, 1939, the wounds in 
the breast looked much cleaner. On February 
19, 1940, four months after treatment 
started, the axillary lymph nodes were barely 
palpable but there was still some induration in 
the left breast. There was a recurrent draining 
sinus. 1.0 cm. in diameter, in left mid-axilla 
noted on April 11. This healed three months 
later but recurred again in one month. After 
additional irradiation to this region, this sinus 
finally healed at the end of two more weeks. The 
last roentgen treatment was given in August, 
1940. The patient has been well and free of dis- 
ease to date, May, 1941, a period of nine 
months since last treatment and _ nineteen 
months since treatment was begun (Fig. 3).* 


was 


SUMMARY 


Tuberculosis of the breast occurs infre- 
quently and then usually in women between 
the ages of twenty to forty. 

The differential diagnosis from cancer of 
the breast may be impossible when ulcera- 
tion and sinus formation have not yet oc- 
curred. 

Biopsy of the abscess wall is advisable in 
cases of breast abscesses which do not heal 
promptly under conventional therapy. 


* The patient was last seen in March, 1942, twenty-nine 
months after treatment, and is still perfectly well. 
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Since local excision of the involved seg 
ment of the breast is reported to be unsuc 
cessful in many cases, simple mastectomy 
must be done for cure. 

Roentgen therapy is recommended in 
tuberculosis of the breast as a conservative 
and successful form of treatment. 

A case of tuberculosis of the breast is 
presented which was treated with roentgen 
irradiation and is now free of disease for 
nine months since last treatment. 
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DIRECT OR INDIRECT ACTION OF ROENTGEN 
RAYS ON THE BRAIN*} 


By FRIEDRICH ELLINGER, M.D., D.M.Sc. 


NEW YORK, NEW YORK 


T IS WELL established that the adult 

nervous system is very radioresistant. 
However, from animal experiments the pos- 
sibility of injury to nerve tissue can now be 
entertained.! Whether the changes ob- 
served in the brains of irradiated animals 
and human beings are the result of a direct 
effect of irradiation on the nervous tissue 
or whether they are secondary effects due 
to a primary injury of the blood vessels is 
still an open question. 

Examination of the brains of irradiated 
goldfish by Davison and Ellinger? revealed 
definite changes predominantly in the 
medulla oblongata. The severity of these 
changes was dependent on the dose used. 

In previous investigations*® it has been 
demonstrated that for the total body 1r- 
radiation of goldfish there is a definite 
threshold dose of 1,500 r, measured in air, 
for the lethal effect of roentgen rays of 


Kic. 1. Medulla oblongata. Goldfish irradiated with 
10,000 r, measured in air. Pigmentation appeared 
on the sixth day after exposure. The fish died on 
the thirteenth day after exposure. Medulla oblon 
gata stained with cresyl violet. Magnification 
240. Glhiotic process. Note the parallel arrange- 
ment of glia fibers, disappearance of the nerve cells, 
congestion and slight proliferation of blood vessels. 


Fic. 2. Medulla oblongata. Goldfish irradiated with 
1,500 r, measured in air. Pigmentation appeared on 
the eleventh day after exposure. Fish killed on the 
fifteenth day after exposure for histological exami- 
nation. Medulla oblongata stained with cresyl 
violet. Magnification 24 As compared with 
Figure 1 there is only a slight increase in glia nu- 
clei and the nerve cells are only diminished in num- 
ber. Marked congestion of the blood vessels. Some 
extravasation of red blood cells. 


half-value layer 0.233 to 0.9 mm. Cu. In- 
crease of the dose up to 10,000 r, measured 
in air, did not influence the mortality curve. 
The histological examination of the brains, 
however, revealed an increase in the histo- 
pathological changes, especially in the 
medulla oblongata (Figs. 1 and 2) when 
these doses were given. It is noteworthy 
that the fish irradiated with 10,000 r died 
on the thirteenth day after irradiation and 
that the control fish, irradiated with the 
threshold dose of 1,500 r, were killed on the 
fifteenth day after exposure. The survival 
time is, therefore, approximately equal. 
This is of importance since changes in the 
central nervous system following irradia- 
tion require a considerable time to develop. 
It is important, furthermore, that the 
changes in the blood vessels did not differ 
greatly when either dose was used (Figs. 1 


* From the Radiotherapy Department and the Neuropathological Laboratory, Montefiore Hospital for Chronic Diseases, New York. 


t Aided by a grant from the Emergency Committee in Aid of Displaced Foreign Physicians 


4 


\ 
Nn 
e 
t 
774 


and 2). The assumption seems, therefore, 


justified that the differences in the effects of 


increasing doses of roentgen rays on the brain 
is due to direct action of the radiation on the 
nerve cells. The marked radioresistance of 
the nerve cells accounts for the longer 
period before injury becomes detectable. 
In consequence, the damage done to more 
vulnerable tissues, e.g. blood vessels, domi- 
nates the histological picture. But this does 
not necessarily imply that the injury to the 
nerve cells is secondary to such changes. 
The brain of the goldfish is an excellent 
medium for the study of the effects of roent- 
gen rays for the following reasons: (1) Such 


Friedrich Ellinger M 


AY, 1942 


studies do not have to take into considera 
tion the absorption of the radiation in the 
calvarium; (2) the experiments tan be car 
ried out without opening the skull, and (3) 
the data obtained can be easily related to 
the mortality curve of the goldfish, an ideal 
condition in experimental radiation ther 
apy. 
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AN EXPOSURE METER FOR ROENTGENOGRAPHY* 


By RUSSELL H. MORGAN, M.D. 


CHICAGO, ILLINOIS 


HE importance of correct exposure in 

the production of diagnostically excel- 
lent roentgenograms is recognized by every- 
one. For many years it has been almost the 
universal practice to estimate roentgeno- 
graphic exposures from the thicknesses of 
the anatomical structures under consider- 
ation. This method is frequently satisfac- 
tory for examinations of normal tissues but 
often unreliable when pathological proc- 
esses are present. The reason for this is 
evident. Roentgenographic exposure is in- 
fluenced not only by the thickness of a body 
but also by its density ° 

If the effective intensity of the radiation 
to be received by a roentgenographic film 
is precisely known, the conditions for cor- 
rect exposure can be determined from a 
simple expression relating radiation inten- 
sity and exposure time. Several instru- 
ments designed to measure roentgen 
intensities and often called exposure meters 
or photometers have been produced com- 
mercially on the European continent. Most 
notable are the devices dev eloped by 
Kranke**® and Pape.*’* These are not used 
extensi\ ely howe er, because of their low 
sensitivity and critical operating character- 
istics. The exposure meter to be described 
presently overcomes these difficulties and 
appears to be a valuable aid to roentgeno- 
graphic technique. 

The instrument consists essentially of a 
photoelectric cell whose surface is coated 
with a fluorescent material, a vacuum tube 
amplifier and a microammeter with which 
the amplified photocell current is recorded. 
The procedure to be followed in using the 
device is extremely simple. The photocell 
is placed beneath an anatomical structure 
to be roentgenographed, a roentgen beam 
projected through the tissues, the resulting 
deflection of the microammeter observed 
and the proper exposure determined from a 

* From the Divis 


on of Roe ntgenology of the 


sity of Chicago. Read before the Chicago Roents 


graph expressing exposure times in terms 
of exposure meter readings. The photocell 
is then removed from beneath the subject, 
a film inserted in the cassette holder and the 
exposure made with a roentgen beam iden- 
tical to that employed in making the photo- 
metric measurement. Because the response 
of the instrument is affected by both the 
thickness and density of the tissues, ex- 
posures are consistently correct. 


FUNDAMENTAL BASIS OF PHOTOMETRY 


The density (blackening) of an exposed 
and processed photographic film is depend- 
ent on several complex variables. These in- 
clude the exposure received by the film, the 
sensitivity of the photographic emulsion 
and several factors related to the process of 
development. 

Photographic exposure is defined as the 
product of the average photographic flux 
density, G, and the exposure time, ¢: 

E=Gt (1) 
As this definition indicates, exposure is not 
only a function of the quantity but also of 
the quality or spectral distribution of the 
radiation falling on the film. 

In general, the exposure required to pro- 
duce a particular film density is inversely 
proportional to the sensitivity of the film; 
that is, 


a 


¢ 


where s is the film sensitivity and a is a 
constant whose value is a function of the 
film density. When equations (1) and (2) 
are combined, 


Gts =a (3) 


+ The principles outlined hérein are equally applicable to 


roentgenographic and photographic films. 

t A discussion of the significance of the term, photographic flux 

density and its relationship to radiation intensity has been pub- 


lished by Weyl, Warren and O’Neill.® 


gen Society, April 10, 1941. 
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The reciprocal relationship between G and ¢ 
expressed in equation (3) is not maintained 
when the photographic flux density is 
either very small or very great.‘ Although 
the literature is not complete on this point 
it would appear that the effect is more pro- 
nounced with films exposed to visible light 
than to roentgen radiation.'! Experimental 
evidence indicates that equation (3) to be 
more general should be written 

=a (4) 
where the exponent, p, is a function of the 
intensity and spectral distribution of the 
radiation. Within the range of intensities 
employed in roentgenography the value of 
p for films exposed to roentgen rays directly 
is very nearly 1.0; it is usually somewhat 
less for films exposed with intensifying 
screens. 

The density of a particular area of a 
photographic film may vary within wide 
limits. However, if a series of correctly ex- 
posed negatives is examined it will be ob- 
served that the average density of the sig- 
nificant portion of any one film is, almost 
without exception, equal to that of any 
other. Therefore, in the majority of cases, 
correctly exposed films can be represented 
by a single value of a in equation (4). If 
this value is a, the conditions for correct 
photographic exposure are defined by the 
equation, 

Gt’s =a, 5) 


When light impinges on the sensitive sur- 
face of an exposure meter or photometer, 
the resulting deflection, M, is a function of 
the photometric flux density, P: 


M =f(P) (6) 


The derivations of photometric flux density 
and of photographic flux density are an- 
alogous. The relationship between the two 
terms is expressed by the equation, 

G=hP (7) 
where / is a function of the spectral distri- 
bution of the radiation and of the sensitiv- 
ity of the exposure meter. Equation (5) 
therefore becomes 


Ptehs =a, 5) 
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For simplicity the product, 4s, may be re 
presented by the factor, s., called the film 
speed factor from its relationship to film 
sensitivity: thus, 

Prs.=a 9g) 


Equation (g) is of fundamental importance. 
With it photographic exposure times can be 
calculated from photometric observations 
for any film whose speed factor is known. 


When the relative spectral sensitivity of 
an exposure meter coincides with that of 


a photographic film, equation 7) reduces 
to a simple proportionality and s, ceases to 
be a function of radiation quality. In roent 
gen photometry, it is desirable to take ad 
vantage of this fact as far as it is possible to 
do so because the quality of the radiation 
with which roentgenographic films are ex 
posed varies within wide limits and depends 
not only on the characteristics of the pri 
mary roentgen beam but also on the thick 
ness and density of the tissues through 


which the radiation passes. The densities of 


roentgenographic films are produced either 
by roentgen rays directly or indirectly 
through the action of intensifying screens. 
In the former case the wave length of the 
effective radiation ranges from 0.01$ to 
0.150 millimicron; in the latter from 360 to 
500 millimicrons. With present equipment 
an exposure meter whose relative spectral 
sensitivity coincides with those of roent 
genographic films in both ranges is not 
feasible. It has been possible, however, to 
develop an instrument that closely ap 
proaches this ideal. 


DESIGN AND CONSTRUCTION 

The exposure meter (Fig. 1) is similar in 
basic design to the photoelectric photo 
meters that have proved so reliable in 
photography. A photoemissive cell whose 
surface is coated with crystals of calcium 
tungstate, the material employed in the 
great majority of commercial intensifying 
screens, conducts a small electric current in 
response to the fluorescent radiation pro 
duced by an incident roentgen beam. This 
current is amplified many times by a D. C. 
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amplifier and recorded by a sensitive micro- 
ammeter. 

The nucleus of the instrument is the re- 
cently developed R.C.A. vacuum type 929 
phototube, a photoemissive cell which, un- 
like other similar devices, is sufficiently 
sensitive to detect the extremely small 
quantities of radiation encountered 1n clint- 
cal roentgenography 
vacuum tube amplification so high as to be 


without employing 


unstable. In addition, its relative spectral 


sensitivity, shown graphically with that of 


Eastman blue brand ultra-speed roentgen 


Kic. 1. The exposure meter. 


film in Figure 2, approaches those of com- 
mercial roentgenographic films in the region 
of the spectrum in which calcium tung- 
state fluoresces. It is clear, therefore, that 
the tube is an ideal photometric radiation 
detector when films are to be exposed with 
intensifying screens; its performance with 
films exposed to roentgen rays directly also 
has been found to be very satisfactory. 

The amplifier, shown schematically in 
Figure 3, is a single stage, twin triode type 
similar to that described by Nottingham.® 
Two R.C.A. type 6]7 radiotrons, and 


Wheatstone bridge circuit in which the 


», connected as triodes are arranged in a 


plate resistances of the tubes occupy two of 


ohm re- 
the remaining two. The 
phototube current flows through the soc 


the arms and R,, and Ry», 15,0 


sistors, occupy 
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Kic. 2.* Spectral sensitivity characteristics: 4, East- 
man blue brand ultra-speed roentgen film; B, 
R.C.A. 929 phototube; C, region of the spectrum 
in which calcium tungstate fluoresces. 


megohm resistor, Ra; the potential de- 
veloped across it is applied directly to the 
control grid of V;. A 0-250 microammeter, 
G, in the bridge circuit measures the ampli- 
fied phototube current. 

Electric power for the amplifier is ob- 
tained from 115 volt, 60 cycle A.C. lines. 
Direct current potentials are provided by a 
condenser filtered, full wave rectifier cir- 
cuit supplied by a 430 volt center-tapped 
winding on the transformer, T;. The recti- 
fier, V;, is the R.C.A. type 6ZY5-G radio- 
tron; the filter, Cy, a 16 microfarad, 350 
volt condenser. Phototube and triode grid 


[Ru 
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Fic. 3. Schematic diagram of the exposure 
meter circuit. 

of the Eastman Kodak Com- 

pany and the Radio Corporation of America. Curve A was pre- 

pared from data furnished by Dr. Julian H. Webb and is typical 

of the film as of November, 194 
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potentials are derived from the resistor net- 
work, Ri, a 0.2 megohm resistor, Re, a 
15,000 ohm resistor, R; and Ry, 250 ohm 
resistors, R;, a S00 ohm potentiometer and 
R,, a 600 ohm resistor. Filament potentials 
for the amplifier and rectifier tubes are 
furnished by a 6.3 volt winding on T;. 

The potentiometer, R;, maintains the 
balance of the Wheatstone bridge circuit by 
its control of the grid potential of the triode 
V2; a 2,000 ohm potentiometer, R,, controls 
amplifier sensitivity. 

R.», a megohm resistor, balances 
in the amplifier grid circuit. C., a 0.001 
microfarad condenser in parallel with R., 


\b 


Fic. 4. Longitudinal section of the radiation detec- 
tor. 6, bakelite case; c, intensifying screen; @, sta- 
tionary grid; e, aluminum foil; p, phototube. 


forms a low resistance pathway for unde- 
sirable A.C. currents induced in the grid 
circuit of V. by the triode’s interelectrode 
capacitance. Sufficient capacity in parallel 
with R.; is provided by the distributed ca- 
pacity of a cable connecting the phototube, 
Ph, and the triode, V1. 

C,, a 0.002 microfarad condenser, C3, a 
100 microfarad condenser, and Rx, a 5,000 
ohm resistor impart a ballistic-like action 
to the microammeter when photometric 
procedure demands the employment of 
short exposure times. Their inclusion in the 
circuit is effected by the double pole, single 
throw switch, Sw; it is to be noted that the 
switch is arranged so that one set of con- 
tacts is closed when the other is open. It is 
not to be inferred that these circuit ele- 
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ments convert the microammeter into a 
ballistic instrument. Meter deflections are 
proportional to radiation intensities only) 
when a fixed exposure time is used. 

The exposure meter is assembled in two 
sections; one serves as the radiation detec 
tor and the other as the control unit. The 
phototube is mounted with a strip of Pat 
terson Hi-Speed intensifying screen, 13 
inches square, in a light-proof bakelite case, 
34 inches long, 2 inches wide and 1? inches 
high. The walls of the enclosure are lined 
with aluminum foil to shield the phototube 
electrostatically. An easily detachable 5:1 
stationary grid, 2 inches square, is also in 
corporated in the case directly above the 
sensitive surface of the phototube. The 
structural details of the assembly are shown 
in Figure 4. The remaining components of 
the instrument are housed ina steel cabinet, 
8 by 8 by 8 inches. The microammeter, a 4 
inch square model knife-edge 
pointer and a 0-100 scale, the potentiom 
eters, R; and R,, and the switch, Sw, are 
mounted on the sloping front panel. The 
two units are connected by a special two 
wire cable in which the lead connecting the 
cathode of the phototube to the control 
grid of the triode, Vi, is shielded micro 
phone cord; the capacity between the shield 
and the enclosed wire is 25 
farads per foot. To prevent the capacity in 
the amplifier grid circuit from becoming 
excessively large and thereby slowing the 
action of the microammeter undesirably, 
the length of the cable is limited to approxi 
mately 20 feet. 

When the construction of the exposure 
meter is completed, it is advisable to seal 
the connections at the base of the photo 
tube with paraffin to insure the satisfactory 
operation of the instrument in humid 
weather. Also, before the exposure meter is 
used for the first time it is necessary to heat 
the filaments of the amplifier tubes at their 
rated potentials (6.3 volts) for twenty-four 
hours. Gas absorbed on the surfaces of the 
cathodes of new tubes is often sufficient to 
cause erratic performance of high grid re 
sistance circuits. This short heating per 
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manently liberates the gas and eliminates 
any undesirable effects that might arise 
from its presence. 


CALIBRATION AND OPERATION 


The response of the exposure meter to 
incident radiation is linear over a range of 
intensities considerably greater than that 
encountered in clinical roentgenography: 


M=kSP 10) 


where S is the sensitivity of the instrument 
and k& is a constant. This relation was de- 
rived from readings observed when the 
radiation detector was exposed to a care- 
fully diaphragmed roentgen beam of con- 
stant quality at various traget-detector dis- 
tances. Corrections for the effects of air 
absorption were applied to the observa- 
tions. 
When P is eliminated from equations (9) 
and (10), 


a.k. Equation (11) defines the 
conditions for correct roentgenographic ex- 


where C 


posure in terms of exposure meter readings. 

The calibration of the instrument is ex- 
tremely simple. The control unit is placed 
beside the roentgen control stand, plugged 
into a convenient A.C. outlet and the 
switch, Swe, closed. After a few minutes 
have elapsed to permit the amplifier tubes 
to become heated the sensitivity control, 
R,, is turned to its maximum setting and 
the balancing control, R;, rotated until the 
microammeter is brought accurately to its 
Zero position. A subject Is then placed on 
the roentgenographic table and the roent- 
gen tube centered over an anatomical struc- 
ture whose thickness is approximately 2c 
cm.; the go° posteroanterior projection of 
the skull has been found satisfactory. The 
radiation detector with its stationary grid 
attached is then placed beneath the subject 
directly below the target of the roentgen 
tube. When the roentgen machine has been 
adjusted to a suitable kilovoltage and milli- 
amperage (e.g., 80 kv. (peak), 30 ma.) an 
exposure of one second duration is made 
and the deflection of the microammeter 
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observed. With an identical roentgen beam, 
the exposure time required to produce a 
diagnostically excellent roentgenogram of 
the structure is determined by a method of 
trial and error for the film-screen combina- 
tion for which the exposure meter is to 
be calibrated. The Potter-Bucky grid is 
employed in making the various trial expo- 
sures. A graph expressing correct roent- 
genographic exposure times in terms of 
exposure meter readings is then prepared 
from equation (11) by plotting on logarith- 
mic paper a point representing the observed 
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Exposure Meter Readings 


Fic. 5. A typical calibration curve. 


exposure meter reading and the correspond- 
ing exposure time of the test roentgenogram 
and by drawing through the point a 
straight line at an angle of 135° with the 
M-axis; a typical calibration curve 1s 
shown in Figure 

To permit the use of the exposure meter 
with any roentgenographic film or film- 
combination any one of three 
procedures is followed: (1) A separate cali- 
bration curve is prepared for each of the 
various films and film-screen combinations 


screen 


that are to be used. (2) A calibration curve 
is prepared on any one film or film-screen 
combination; roentgenographic exposure 
times, ¢, are then calculated from the for- 
mula, 


) 


| 
(12) 
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where s5,, and s, are the speed factors re- 
spectively of the film with which the cali- 
bration curve was prepared and of the film 
with which the roentgenogram is to be 


30 


~ 


@ 
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Relative Film Speed Factor 
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Roentgen Tube Potential - K.V. peek 
Fic. 6. Relative speed factors of a representative 
roentgenographic film; 4, with so-called ultra- 
speed intensifying screens; B, with so-called high 
definition intensifying screens; C, without inten- 
sifying screens. 


made and ¢; is the exposure time determined 
from the calibration curve. (3) Procedure 
(2) is carried out and the sensitivity con- 
trol R,, of the exposure meter calibrated in 
terms of s, so that 


(13) 


where g is a constant. From equations (11) 
and (13), 
Mt’ =cg (14) 


Thus, when R, is adjusted to the proper 
speed factor setting of the particular film or 
film-screen combination being used, deter- 
minations of exposure time are made from a 
single calibration curve without the use of 
mathematical formulae. 

Before details of a method for determin- 
ing the values of film speed factors are dis- 
cussed, the results of a study investigating 
the relation between s, and radiation qual- 
ity will be presented. Several commercial 
roentgenographic films, used with and with- 
out intensifying screens, were exposed to 
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radiation from a four valve, full wave recti 
fied roentgen generator, employing poten 
tials ranging from 30 to go kv. (peak), and 
developed simultaneously under constant 
agitation in a pictol-hydroquinone devel 


oper for five minutes at a temperature of 


65°F. Their densities were measured with 
a photoelectric densitometer; after correc 
tions for fog were applied, sensitometric 
curves were prepared and the exposures 


(Mt) required to produce a film density of 


1.0 were determined. The relative speed 
factors were then derived from equation 
(11). In the calculations a value of 1.0 was 
assigned to the exponent, p. The procedure 
was repeated three times and the deter 
minations averaged. A summary of the 
results of the investigation is given in Fig 
ure 6. Curve A is the relative speed factor 
of a representative roentgenographic film 
used with so-called ultra-speed intensifying 
screens; curves B and C are the relative 
speed factors of the same film used with so 
called high definition intensifying screens 
and without intensifying screens respec 
tively. It is seen that the speed factors of 
the film, when with intensifying 
screens, are essentially independent of the 
spectral distribution of the radiation; that 
of the film exposed to roentgen rays directly 
diminishes as the average wave length of 
the radiation decreases. With minor modi 
fications, the shape of these curves is char 
acteristic of all films and film-screen com 
binations investigated. 

To evaluate the speed factors of a num 
ber of films and film-screen combinations, 
the exposure times required to produce 
satisfactory and closely similar roentgeno 
grams of a test anatomical structure (e.g. 


used 


the hand) are determined by a method of 


trial and error. Exposures are made with a 
roentgen beam of constant quantity and 
quality and the various films developed 
simultaneously under typical roentgeno 


graphic conditions. The various values of 


Ss. are given by the reciprocals of the ex 
posure times (see equation 11). The speed 


factors of film-screen combinations are 


essentially independent of the quality of 


the roentgen radiation; those of films ex 
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posed to roentgen rays directly must be 
multiplied by a correction factor, derived 
from curve C of Figure 6, when the films 
are to be exposed to radiation whose quality 
is different from that employed in deter- 
mining the values of s,. Because of their 
dependence on radiation quality, these 
factors must be further corrected for the 
thickness of tissue through which the radia- 
tion passes before it falls on the film, in ac- 
cordance with the photometric principles 
discussed earlier in the paper. Correction 
factors for tissue thicknesses ranging from 
7. The 
graph applies only to films used without 
intensifying screens and exposed through 


to 15 cm. are shown in Figure 


the Potter-Bucky grid: no corrections are 
necessary for other roentgenographic tech- 
niques. 


igure 7 was prepared by evaluating the 
speed factors of films exposed through 
paper phantoms, 22 by 28 cm. in surface 
area, ranging In thickness from 0 to I$ cm. 
and having a density slightly less than that 
of water: determinations were made with 
and without the Potter-Bucky grid. Radia- 
tion was furnished by a four valve, full 
wave rectified roentgen generator employ- 
ing potentials ranging from 30 to go kv. 
peak). Correction factors were calculated 
from the formula 


¢ 


where s,, and s,, are the speed factors of 
films exposed to radiation identical in qual- 
ity at the reontgen tube but having passed 
through phantom thickness of x and o cm. 
respectively. Curiously the value of F' was 
found to be essentially 1.0 for all phantom 
thicknesses when the exposures were made 
without a grid. Apparently scattered radia- 
tion was sufficient to compensate for the 
loss of the longer wave lengths of the pri- 
mary roentgen beam removed by the 
phantom. When the grid was used, how- 
ever, scattered radiation was prevented 
from falling on the film and there was a 
gradual reduction in the values of the speed 
factors as the phantom increased in thick- 
ness. In the range of thicknesses shown, 
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Figure 7 was found to be independent of the 
quality of the primary roentgen beam. 

To calibrate the exposure meter for chest 
roentgenography or for other techniques in 


1.0 

0.8 

15 


Tissue - Cm. 


Fic. 7. Graph for obtaining the film speed correction 
factors of films exposed without intensifying screen 
through a Potter-Bucky grid and various thick- 


nesses of tissue. 


which it is not feasible to use exposure times 
as great as one second, the same general 
procedure previously described is followed 
with the exception that the switch, Swi, is 
thrown to the position in which the micro- 
ammeter has a ballistic-like action. If the 
films are exposed with a Potter-Bucky grid, 
exposure meter readings are made with the 
radiation attachable grid in 
place; otherwise the grid is removed. Ob- 
servations are taken with exposure times of 
5.1 second or some other convenient short 
interval. 


detector’s 


When the various calibrations are com- 
pleted the exposure meter is ready for rou- 
tine clinical use. The procedure to be fol- 
lowed is similar to that employed in 
calibrating the instrument. The balancing 
control, R;, is rotated until the microam- 
meter is brought accurately to its zero posi- 
tion and the sensitivity control, R,, ad- 
justed to the proper speed factor setting for 
the particular film or film-screen combina- 
tion with which the roentgenogram is to be 
made. The radiation detector is placed 
carefully beneath the anatomical structure 
to be filmed and the roentgen tube centered 
properly above. The positioning of the 
radiation detector usually is not critical. 
After a few trials, the technique of center- 
ing the device is quickly acquired. The 
roentgen machine is then adjusted to suit- 


| 
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able kilovoltage and milliamperage settings 
an exposure of approximately one second 
made, the exposure meter reading observed 
and the roentgenographic exposure time 
determined from the calibration curve. If 
the film is to be made with short exposure 
time technique, the observation is made 
with the switch, Sw, in the so-called ballis- 
tic position and with the same exposure 
time as that employed in preparing the 
calibration curve. If the roentgenogram is 
to be made through the Potter-Bucky grid, 
the exposure meter reading is taken with 
the radiation detector’s attachable grid in 
place; otherwise the grid is not used. When 
the determination is completed the radia- 
tion detector is removed from beneath the 
patient, a cassette placed in the film holder 
and the proper exposure made with a roent- 
gen beam identical to that employed in 
making the photometric measurement. 

The exposure meter is extremely flexible 
in its operation. The calibration is inde- 
pendent of the target-film distance so long 
as measurements are made with the radia- 
tion detector occupying the same position 
as the film. The instrument, therefore, is 
valuable in portable as well as routine 
clinical work. 


COMMENT 


Kor many years roentgenologists have 
recognized the need of a simple, convenient 
instrument whereby roentgenographic ex- 
posures might be calculated with consistent 
accuracy regardless of the conditions at 
hand. To fulfill this requirement to some 
extent, at least, the exposure meter de- 
scribed in the foregoing paragraphs has 
been developed; its performance in routine 
clinical work has been very encouraging. 
As time goes on it is hoped that many im- 
provements and modifications designed to 
serve particular applications will be devised. 
It has been found recently, for example, 
that it is advantageous to mount the ampli- 
fier triode, Vi, in the case of the radiation 
detector or in a separate unit nearby when 
the exposure meter is to be installed as an 
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integral part of the roentgen machine. Be 
cause the cable connecting the control unit 
and the radiation detector does not include 
the cathode circuit of the phototube in this 
arrangement, the two units may be located 
at any distance from one another. 

Work is now in progress on the design of 
a small phototube which will permit a con 
siderable reduction in the size of the radia 
tion detector. In addition, studies have 
been undertaken to develop a more sensi 
tive fluorescent material for use in conjunc 
tion with the phototube. The develop 
mental possibilities of an automatic expos 
ing device similar to those employed in 
certain photographic cameras also are un 
der investigation. 
SUMMARY 


An exposure meter for roentgenography 
is described. Complete details of the con 
struction, calibration and operation of the 
instrument are given. A summary of funda 
mental photometric principles also is in 
included. 
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LOW ABSORPTION ROENTGEN-RAY MEASURE- 
MENTS FROM 10 TO 250 KILOVOLTS* 


By E. 


D. TROUT, A.B., and Z. J. ATLEE, B.S. 


CHICAGO, ILLINOIS 


HE inherent filtration of roentgen-ray 
tubes is by no means a new subject. 
The influence of the tube wall on the 
emitted radiation was discussed as early as 
19g12.' However, so long as the inherent fil- 
tration consisted entirely of a thin glass 
wall, the question of inherent filtration was 
not a serious one. Withthe advent of heavier 
glass walls and shockproof enclosures, the 
problem has become more complicated and 
of greater importance. The problem is of 
interest in the fields of both roentgen 
therapy and roentgenography. In roentgen 
therapy the inherent filtration of the tube 
unit influences both the intensity and qual- 
ity of the beam—-especially in the lower 
voltage range. In roentgenography the in- 
herent filtration may determine the con 
trast of the roentgenogram, especially 
where low voltage techniques are concerned. 
In actual practice there is no such thing 
as an unfiltered roentgen-ray beam. The 
thickness and composition of the glass wall 
of the tube may vary considerably in tubes 
designed for different purposes. In addition 
to the glass wall of the vacuum unit, the 
modern shockproof tube unit usually in- 
corporates at least one, and in most cases 


two, other materials in the shockproof 


structure surrounding the tube and forming 
a part of the inherent filtration. In addition 
to glass, the other materials most often 
used are oil and bakelite. 

\s has been pointed out many times in 
the literature and in discussions, a state- 
ment of the quality of the roentgen beam 
expressed as the half-value layer at the 
voltage used would be adequate so far as 
comparing the results obtained from the 
various types of tube units is concerned. 
Without question, this should cover the 
problem. However, time does not seem to 
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have dimmed the interest in nor to have 
reduced the discussion of inherent filtration 
and its equivalent in the most commonly 
used filter media: aluminum and copper. 

Taylor and Singer? reported on the effect 
on the absorption curve for different kinds 
of glass of various thickness. A method is 
suggested for arriving at the inherent filtra- 
tion. This study made use of a constant po- 
tential voltage source and covered a wide 
range of voltages. 

Behnken and Nitka* made studies of the 
displacement of absorption curves by a 
change of inherent filtration. A tube with 
a Lindemann glass window was used. The 
practical use of the data presented 1s 
limited in that 31 kilovolts was the maxi- 
mum voltage used. 

A more recent report is that of Thoraeus.* 
In this study a special tube having an 
aluminum window o.2 millimeter thick was 
used. The voltage source delivered constant 
potential and the work covered voltages 
from 50 to 100 kv. Equivalent inherent 
filtration from 0.2 to 10 mm. of aluminum 
was reported. 

The purpose of this paper is to report a 
study of inherent filtration covering volt- 
ages from 10 to 250 kv. A tube having a 
lower absorption than any reported was 
used (approximately equivalent to 0.04 
mm. of aluminum at 50 kv., peak), and the 
results given are reported for three kinds 
of filter material. 

Since little information has been avail- 
able regarding the change in intensity or 
quality of the roentgen beam by the various 
materials commonly included in shockproof 
roentgen-ray structures, a study has been 
made of this problem. Absorption data are 
shown for pyrex glass, oil, and bakelite 
at voltages from 10 to 250 kv. 
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ROENTGEN TUBE WITH BERYLLIUM 
WINDOW 

In order to obtain in a tube wall the mini- 
mum absorption necessary for measure- 
ments of low initial filtration, it was deemed 
necessary to build a special tube, as nothing 
exactly fitting the purpose was available. 
A tube such as used by Thoraeus, with ao.2 
mm. aluminum window, would not cover 


Fic 1. Roentgen-ray tube with low absorption win- 
dow of 1.3 mm. pure beryllium. 


all of the voltages at which it seemed de- 
sirable to work. Crystallographic roentgen 
tubes with Lindemann glass windows were 
available, but their voltage limitation 
would have made it impossible to cover any 
but the low voltage portion. Also, Linde- 
mann glass is a chemical composition of 
lithium, beryllium, boron, and oxygen, 
which can vary in exact composition be- 
tween windows, thus making it a very un- 
satisfactory medium to be always exactly 
reproduced or expressed. 

A special tube could have been con- 
structed and operated on a pumping sys- 
tem, using a thin foil window of negligible 
absorption; however, it was felt that too 
great a difficulty would have been en- 
countered in maintaining stable perform- 
ance during the long hours of operation 
necessary to take the measurements and 
over the long period of time required to 
complete the study. 

The ideal roentgen tube envelope ma- 
terial, from the viewpoint of minimum ab- 
sorption, has long been recognized to be the 
metal beryllium (atomic number 4), but 
up until the present time it has never been 
made sufficiently dense, pure, or homoge- 
neous to be vacuum-tight. It has been used 
commercially as a roentgen ray window, 
for a number of years, but merely as a 


window in a hooded anode type of tube 
where the surrounding glass envelope is the 


vacuum wall material. Of course, such a 


tube would in no way serve the purpose for 


minimum absorption roentgen-ray meas 
urements. 

A tube having a pure beryllium, vacuum 
tight window was constructed and suc 
cessfully used for all the measurements. As 
shown in Figure 1, the beryllium window 
1.3 mm. in thickness was sealed on as an 
appendage to a standard, thick glass, 2 
kv. therapy tube with 20° tungsten target 
anode of the circulating cooling liquid type. 

The beryllium window, necessarily small 


in diameter, gave a 7.§ centimeter field of 


coverage at 50 cm. distance, which was 
more than adequate for thimble chamber 
measurements. 

The space charge of the tube was ex 
tremely low and it was found possible to 
obtain 10 milliampere tube current at | 


kv. peak. 
CIRCUIT AND SET-UP 


A half-wave, single-phase, 60-cycle gen 
erator was used for all the measurements. 
It was selected because it is the most uni 
versal circuit in use, both for therapy and 
roentgenography. Also, the roentgen-ray 
output is the same except for small varia 
tion due to cables,*® for both full-wave and 
half-wave single-phase rectifiers and when 
the roentgen tube is used self-rectified. 

For voltages from 50 to 250 kv. peak, 
sphere gaps of a size consistent with stand 
ard practice were used to measure voltage. 
Below 50 kv. peak, a resistance voltmeter 
was used. The current was measured by a 
milliammeter in the high voltage circuit. A 
double diaphragm system was used, the 
first one at g cm. from the beryllium 
window, and the second at 16 cm. 

At the lower voltages, possibly at less 
than so kv. peak, air absorption may alter 
the quality and quantity of radiation, as 
shown by Exner.’ Therefore, for these volt 
ages, precaution should be taken to use 
only measurements made at this same dis 
tance when comparisons are being made. 
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distance of 50 cm., with10 ma. tube current, 
for kilovoltages from 10 to 250 kv. peak. 
A number of thimble chambers with full 
scale ranges of 25, 100, and 250 r, were used 
with satisfactory reproduction of results. 
The resulting data seem to be consistent 
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transmission for copper. 
with other work on the problem when the 
differences in voltage sources, etc., are con 
sidered. 
The work covered the greater part of a 
vear, and it was always possible to repro 
duce any one or any series of readings 
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within the tolerance of experimental error. 
Very early in the work there were in- 
dications that aluminum might not be the 
ideal material for absorption curves at the 
low voltages. It was hard to handle and 
preserve in the very thin sheets necessary, 
and the accuracy of the measurements was 
poor. The natural thing to do was to use the 
same material as used in the tube window 
that is, beryllium. Our experience over a 
period of months in handling and using this 
metal has been very satisfactory. We wish 
to take this opportunity to advocate the 
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Fic. 14. Low initial absorption roentgen-ray 
transmission for copper. 


use of beryllium as a medium in which to 
study and report absorption data taken at 
voltages up to so kv. 

An attempt has been made to report and 
tabulate the results in a manner to make 
the information readily useful with a mini- 
mum of measurements and computation. 


DETERMINATION OF INHERENT FILTRATION 


The main use for the absorption curves 
presented here is, of course, to determine 
and express in the same medium, the in- 
herent filtration of any combination of ab- 
sorptive layers in a tube and housing. The 
data can be used in several different man- 
ners to obtain the inherent filtration. 

One method that has been suggested is to 
measure the thickness of the glass, oil, and 
bakelite separately and sum up the result 
ing percentage transmission from the 
various curves. Unfortunately, this is not 
a very accurate method because the radia- 
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Fic. 15. Inherent filtration as a function of 
the half-value layer in beryllium. 


tion is altered as it goes through each ab- 
sorbing medium. However, for voltages of 
less than 100 kv. peak, and where the dif- 
ferent layers are thin, a value accurate to 
a few per cent can be obtained without 
making any roentgen-ray measurements. 
This method can be used occasionally to 
advantage by the designer of roentgen 
tubes and housings to keep the inherent 
filtration in the proper range for the ap- 
plication being considered before construct- 
ing a model. 

Another method that has been used by 
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Fic. 17. Inherent filtration as a function of 

the half-value layer in copper. 
Taylor and Singer? and is much more ac- 
curate than the above method is to graphi- 
cally determine the point on the curve for 
the kilovoltage being used at which the 
same slope is obtained. That is, an absorp- 
tion curve of roentgen-ray measurements is 
made at the desired kilovoltage using a 
filter material for which data are given. 
These values, plotted on a piece of trans- 
parent paper using the same scale of co- 
ordinates and matched to the same kilo- 
voltage curve, will indicate the inherent 
filtration at the point coinciding with the 
zero added filtration value of the data 
taken. Three values of output are sufficient 
to establish the slope. It is very satisfactory 
to add 1 mm. and then 2 mm. of the filter 
material being used. Great care must be 
used in matching slopes so that, in general, 
this method could not be recommended for 
occasional usage. 

A third method, as used by Thoraeus,‘ 
that can be recommended as the most satis- 
factory, makes use of the half-value layer. 
For simplicity in application, curves are 
given wherein the half-value layers ob- 
tained from the experimental data in 
Figures 2, 35 45 5, 13, and 14 are plotted 
against inherent filtration for beryllium, 
aluminum, and copper. In this method it 
is necessary to know only the half-value 
layer of the beam as taken directly from 
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the roentgen-ray tube housing, without ad- 
ded filter. Figure 15 can be used to deter- 


mine the inherent filtration for voltages of 


so kv. peak or less when the half-value 
layer has been determined in beryllium. For 
voltages from 65 to 140 kv. peak, the in- 
herent filtration—when expressed in the 
half-value layer in aluminum—may be de 
termined from Figure 16. Where the half. 
value layer is expressed in copper, Figure 
17 may be used for voltages from 120 to 25 
kv. peak. 
SUMMARY 

Curves showing the relation of the 
half-value layer in beryllium, aluminum, 
and copper to the inherent filtration at 
a from 10 to 250 kv. are presented. 

. Absorption data in beryllium, alumi 
num, copper, pyrex glass, oil, and bakelite, 
covering voltages from 10 to 25 
shown. 

3. Simple methods for the determination 
of the inherent filtration over a wide range 
of voltages are given. 

The use of beryllium in making and 
reporting absorption data at very low volt 
ages is recommended. 


kv., are 


Work is under way for a later report covering volt 
ages from 250 to 1,000 kv. 

Recognition is due Mr. G. W. Hitchcock for hay 
ing carried out the multitude of measurements neces 
sary for this work. 
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HISTOPLASMOSIS 


N 1906 Darling,' while searching for evi- 

dence of kala-azar in the smears from 
the spleen, liver, and bone marrow of all 
patients showing splenomegaly, who came 
to autopsy at the Ancon Hospital, dis- 
covered the organism known as the //isto- 
plasma capsulatum of Darling. 

This organism as found in the tissues is 
round or oval and measures from I to 4 
micra in diameter. It has a deeply staining 
basophilic central mass or chromatin nu- 
cleus which is round, ovoid, or semilunar. 
This is surrounded by a clear space, which 
in turn is surrounded by a refractile achro- 
matic rim. This is the yeast-like form of the 
fungus. Darling believed that it was a pro- 
tozoan parasite. 

Histoplasmosis reticulo-endothelial 
cytomycosis is a generalized disease which 
varies widely in its clinical characteristics, 
and Meleney’ stated that the disease may 
present one of the four following clinical 
pictures: (1) a systemic febrile disease simi- 
lar to kala-azar, with enlarged liver and 
spleen, septic temperature, anemia, and 
leukopenia; (2) lymph node enlargement 
may predominate, simulating Hodgkin’s 
disease, leukemia, lymphosarcoma, or 
aplastic anemia; (3) pulmonary symptoms 
may predominate. The infection is often 
complicated by, or superimposed upon, pul- 
monary or generalized tuberculosis; (4) the 
infection may begin as a small skin lesion 
which may sometimes develop into a 
generalized ulcerative skin condition. 

Until the recent report by Key and 
Large*® none of the cases presented any in- 
volvement of the joints or muscles, but 
these authors have recently had under their 
care a patient from whom sections of the 


1 Darling. Cited by Key and Large. 

2 Meleney. Cited by Key and Large. 

3 Key, J. A., and Large, A. M. Histoplasmosis of the knee. 7. 
Bone & Foint Surg., April, 1942, 24, 281-290. 
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specimen of the knee joint showed the 
typical Histoplasma capsulatum of Darling. 
The interest in their case lies in the fact 
that it is probably the first reported in 
stance in which the disease is known to 
have involved a joint, and also because the 
case closely resembled tuberculosis of the 
knee joint and was so diagnosed until it 
was found that both guinea pig inoculation 
and tuberculin test were negative. 

On clinical inspection the knee was con 
siderably enlarged, being about half again 
as large as the other knee. The enlargement 
was symmetrical, the synovial cavity was 
distended, and the knee joint contained 
excess fluid; there was thickening of the 
periarticular tissues. 

Roentgen studies of the knee showed 
thickening of the soft tissues and a moder 
ate degree of bone atrophy with spotty 
atrophy of the bone structure. There was 
no decrease in the joint space and in neither 
the anteroposterior nor the lateral 
was there evidence of new bone formation. 
Roentgen studies of the chest revealed 
somewhat atypical areas of consolidation 
rather well defined in the lower half of each 
lung field. It was not until the leg was am 
putated that the true diagnosis of the condi 
tion was evident in the pathologic findings. 

The interest of the case, besides the un 
usual clinical manifestations, is that the 
patient was a native American and had 
never traveled outside this country, which 
indicates that the disease is not limited to 
the tropical or semitropica! countries but 
may be found in the more temperate 
climates. Meleney believed that the disease 
is not as infrequent as might be supposed, 
that its infrequency is assumed because it is 
rarely diagnosed, that the organism is 
widely distributed throughout the world, 
and that it will undoubtedly be recognized 


view 


+ 


| - 

| 


Vol 47> No 


with increasing frequency in the future. 

Therefore in a condition in which the 
changes about the knee joint give the 
roentgen picture of a tuberculous process, 
with atypical roentgen findings in the 
lung, the possibility of the disease being 
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histoplasmosis should be considered. 
With the great numbers of troops being 
sent into all parts of the world, particularly 
into the tropical zones, the increase in the 
incidence of histoplasmosis, as well as other 
protozoan diseases, may be expected. 


OSTEOCHONDRITIS JUVENILIS OF THE ACETABULUM 


NNUMERABLE articles have been 

written upon osteochondritis of the 
centers of ossification, particularly those in- 
volving the capital femoral epiphysis, as 
well as the epiphysis at the knee joint, but 
Lipscomb and Chatterton! recently pointed 
out that osteochondritis of the acetabulum 
has apparently only been called attention 
to by Froelich who described a case. 

That the disease is more frequent than 
this single previously reported case would 
indicate is evidenced in this paper by Lips- 
comb and Chatterton in which they report 
three cases which have come under their 
observation. Therefore in some patients 
presenting themselves with an indefinite 
pain in the hip and associated limp, where 
the roentgen findings are apparently nega- 
tive, the etiology may perhaps be found inan 
osteochondritis involving the acetabulum. 

The growth of the acetabulum is a some- 
what complicated mechanism and while the 
three primary centers of ossification which 
form the ilium, ischium, and pubic bone 
are present at birth, the greater part of the 
acetabulum is cartilaginous at birth. At 
about the tenth year of life the cartilage in 
the three bones at the acetabulum is re- 
duced to a triradiate strip. Two or three 
secondary centers of ossification appear in 
this strip, one of which forms the os aceta- 
bulum at the age of twelve years. 

Krom a study of the roentgenograms in 
their cases Lipscomb and Chatterton came 
to the conclusion that the disturbance 
seems to have been in the primary centers. 
Since the superior or weight-bearing surface 
of the acetabulum was chiefly involved that 
the iliac center of ossification at the acetab- 
ulum is the most likely to be affected. 


ipscon b, R., and Chatterton, C. Osteochon iritis 


enilis of the acetabulun t. Bone & Foint Surg., April, 1942, 


The authors point out an observation 
which had been previously made by Jansen 
that variations in contour of the acetabulum 
may accompany osteochondritis of the 
capital femoral epiphysis. It is well known 
that structural variations of the acetabulum 
may occur in the Legg-Calvé-Perthes type 
of osteochondritis and that regions of con- 
densation and rarefaction similar in ap- 
pearance to that of the femoral neck ad- 
jacent to the epiphyseal cartilage are 
present in the subchondral portion of the 
bone. 

Lipscomb and Chatterton believe that 
in a certain percentage of cases structural 
changes similar to those in the femur take 
place in the acetabulum coincidentally with, 
and not secondarily to, the changes in the 
femoral head and neck, and that in certain 
cases there may be structural change in the 
acetabulum without any detectable change 
in the head and neck of the femur, the 
changes being primary in the acetabulum. 

In the cases which they reported the 
symptoms were unilateral, yet in practic- 
ally all instances both acetabula presented 
roentgenographic evidences of changes of 
varying degree. 

Because the structural changes seem to 
involve the superior or weight-bearing sur- 
face of the acetabulum the authors are of 
the opinion that the changes are probably 
due to a circulatory disturbance which is 
perhaps aggravated by trauma. 

The changes are most likely to occur at 
the superior or weight-bearing surface of the 
acetabulum and in suspected cases this por- 
tion of the acetabulum should be exam- 
ined with great care, keeping in mind the 
possibility that any changes seen may be 
slight structural variations from the nor- 
mal and not those due to a disease process. 
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From the portrait by Nikol Schattenstein 


I. SETH HIRSCH 
1880-1942 


WISHES to knit anew his con- 

nections with his oldest friends, to 
continue those recently formed, and to win 
other friends among the rising generation 
for the remaining course of his life. He 
wishes to spare the young those circuitous 
paths, on which he himself had lost his 
way. Thus wrote Goethe in his “Intro- 
duction to the Propylaen,” symbolic of the 
gateway of the Acropolis of Athens, and 
this quotation served Smith Ely Jellitfe as 
an appropriate introduction to the Peri- 


clesian work of Dr. 1. Seth Hirsch in the 
Appreciation prefacing the text entitled 
“Contributions to Radiology.” 

I. Seth Hirsch was born in New York 
City on December 3, 1880. He attended 
the College of the City of New York from 
1895 to 1898, and received the degree of 
Doctor of Medicine from the College of 
Physicians and Surgeons of Columbia Uni 
versity in 1902. In 1920 he 
Diploma in Radiology 
University, England. 
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Curiosity drove him to the microscope 
and the bacteriological laboratory, and this 
searching went further, into the new science 
opened up by the discoveries of Roentgen. 
In 1910, after a Civil Service examination, 
he was appointed Director of Roentgen 
ology at Bellevue Hospital. Here his love 
for order caused him to re-arrange the 
entire organization and build a radiological 
laboratory of note, and for sixteen years 
endless opportunities for study and service 
made his life an arduous, happy, and busy 
one. When Bellevue Hospital was incor- 
porated with other New York City hospi- 
tals into the group known as Bellevue and 
Allied Hospitals, which included Harlem, 
Fordham and Gouveneur Hospitals, Dr. 
Hirsch became the General Director, a 
post which he held until 1926. 


Krom 1913 to 1917 he was Director of 


Roentgen Laboratories of the New York 
Post Graduate Hospital, and for the three 
vears before the entry of the United States 
into the first World War he was Professor 
of Roentgenography at the Medical College 
of this institution. 

Entering the Medical Corps of the 
United States Army as a Captain in 1917, 
Dr. Hirsch was subsequently promoted to 
the rank of Major. 

In 1920 his “Principles and Practice of 
Roentgen Technic’ appeared, to be fol- 
lowed in 1925 by his “Principles and Prac 
tice of Roentgen Therapy,” a pioneer work 
in.English deemed worthy of translation by 
Holzknecht and Spiegler. Two books that 
he had in preparation at the time of his 
death will be published posthumously. Dr. 
Hirsch also served as an Associate Editor 
and Director of the Department of Tech- 
nique and New Devices of the merican 
Fournal of Electrology and Radiology. 

He was Director of the Roentgen-Ray 
Department of Beth Israel Hospital in New 
York City from its inception until 1917, 
and again from 1929 until his death, where 
with the aid of Myron M. Schwarzschild, 
physicist, he was able to delve into the 
many physical intricacies that surrounded 
the growing field of radiology. He was Vice 
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President of the Radiological Society of 
North America in 1927 and 1928, and a 
Fellow of the American College of Physi- 
cians. 

A volume entitled “Contributions to 
Radiology,” consisting of forty-five scien- 
tific articles, was published in his honor in 
1939 by a group of former pupils, colleagues 
and friends. These papers originally ap- 
peared in Radiology. The Editorial Com- 
mittee in charge of compiling this volume 
called it ‘‘a literary memorial to testify to 
the admiration, respect and affection in 
which Radiologists hold I. Seth Hirsch and 
a recognition of his services as investigator 
and teacher.”’ At a dinner to commemorate 
the publication of this volume Dr. Hirsch 
was presented with an oil painting of him- 
self executed by Nikol Schattenstein. The 
portrait first hung in the New York Uni- 
versity College of Medicine and, more 
recently, in his home. He was the author of 
a play called ““The Unlistening Street,” a 
scene from which was dramatized by a 
group of well known actors on the night of 
the dinner. 

At the time of his death Dr. Hirsch was 
serving as Consultant to the New York 
State Compensation Commission. Since 
1933 he had been Professor of Radiology at 
the New York University College of Medi- 
cine. 

Throughout the years there have come 
from his work studies characterized by 
originality, freshness of viewpoint, and 
a striving for simplification. Particularly 
noteworthy, however, are his most recent 
ingenious contributions to the analysis of 
cardiodynamic phenomena by permanent 
roentgen records. He also opened up a new 
field of kymophonoroentgenography, thus 
making possible the studying and record- 
ing of sound phenomena of the heart and 
the valvular actions responsible for them. 
He has “hitched” the heart to the roent- 
gen machine in such a manner as to picture 
this organ in definite phases of its activity. 

He was a sculptor of talent and to his 
clinical research work brought a highly cul- 
tivated appreciation of the beauties of 
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nature derived from his sense of beauty of 
line and its organization. Horticulture was 
another of his avocations. 

Broadly speaking, the fundamental sig- 
nificance of I. Seth Hirsch lay in the appli- 
cation of his scientific genius to a new and 
growing specialty. It is upon his contribu- 
tions and work in the field of radiology, 
especially his ability to organize and teach, 
that his permanent fame securely rests. He 
had a genius for leadership, was steadfast 
in purpose, tenacious of principles in which 
he believed, patiently persevering, and 
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fearless, constructive and clear in vision, 
with a sure sense of the immediately ob 
tainable. His practical sagacity, his sense 
of reserve strength, combined with wide 
knowledge, experience and prestige which 
came to him with the passing years, gave 
I. Seth Hirsch a unique position in the 
realm of radiology. 

Dr. Hirsch died on March 24, 1942, 
after a short illness. He leaves a widow, the 
former Miss Lila Calhoun Hindsman, of 
Fort Worth, Texas. 


M. H. Poppe 
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WALTER COX BARKER 


1878 


ALTER COX BARKER died at his 

home in Philadelphia on December 
26, 1941 after a short illness. Dr. Barker 
was born in 1878. He received his prelimi- 
nary education at the Central Manual 
Training School and the Brown Prepara- 
tory School. A few years after his gradua- 
tion from the Hahnemann Medical College 
of Philadelphia he became interested in 
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roentgenology and began its sole practice 
in 1908. Besides carrying on his private 
practice he was for many years Radiologist 
to the Broad Street Hospital and Consult- 
ing Radiologist to the Hahnemann Hospi- 
tal. He was a past president of the Phila- 
delphia Roengen Ray Society, a member of 
the American Roentgen Ray Society and 


of the Radiological Society of North 
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America and a diplomate of the American 
Board of Radiology. 

Possessed of a kindly and courteous dis- 
position, a keen knowledge of his chosen 
speciality, and sound diagnostic judgment, 
he was held in high esteem. In addition to 
his membership in the Philadelphia County 
Medical Society he was a member of the 
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Pennsylvania State Homeopathic Medical 
Society and the American Institute of 
Homeopathy. In the programs of the latter 
he was often a participant. In his passing, 
the profession has lost an able and unas 
suming member, and his colleagues, a 
staunch and loyal friend. 
S. BROMER 


SIR WILLIAM HENRY BRAGG 
1862-1942 


i &- E life and work of the great physicist, 
Sir William Henry Bragg, are of interest 
to all radiologists. The following obituary 
is reprinted from the New York Times for 
March 13, 1942: 

Sir William Henry Bragg, who shared the 
Nobel Prize with his son, William Lawrence 
Bragg, in 1915 for their work on X-rays and 
crystals, died today [March 12] at the age of 
79. Also in 1915 the father and son received 
the Barnard Medal of Columbia University for 
the same type of research. 

Though academic honors were heaped on Sir 
William through the years, he probably was 
best known for his work in popularizing science. 
His putting of abstruse matters in simple lan- 
guage caused him to be called the “children’s 
scientist.” 

Sir William, the famous investigator of the 
architecture of atoms and molecules as shown 
by the way they disturb and scatter X-rays 
passing through them, shared with his son in 
the development of the X-ray spectrometer 
which aided in elucidating the arrangements of 
atoms and crystals. 

In 1924 the British physicist summed up the 
knowledge which the X-ray had furnished con- 
cerning the versatile carbon atom, the basis of 
every plant and animal that lives. Declaring 
that carbon “‘is the commonest atom,” he held 
that “‘oxygen bulks largest, and half the earth, 
so far as we can observe, is made of oxygen.”’ 

On a visit here in 1930 Sir William read ex- 
tracts from Faraday’s diary, which never before 
had been published, before an audience of 400 
physicists and chemists at Cornell University. 
It was also during this visit to America that 
200 scientists attended a luncheon at the Hotel 
Astor in his honor, when an honorary member- 
ship in the New York Meteorological Society 
was presented to him. 


Sir William took time from his researches and 
wrote a:-book for the general reader which he 
called ‘““The Universe of Light.”’ It was pub 
lished here in 1933. In another work, ““Concern 
ing the Nature of Things,’”’ Sir William devoted 
a substantial part to the nature of crystals. 

When Sir William made his first address as 
president of the British Association for the 
Advancement of Science in Glasgow in 1928 he 
flatly told his audience that man has a soul. The 
distinguished scientist shook his finger at his 
3,000 listeners and declared: 

“Science is not setting forth to destroy the 
soul, but to keep body and soul together.”’ 

Born on July 2, 1862, at Wigton, 
land, Sir William attended King 
College, Isle of Man, and Trinity College, 
Cambridge. He became Professor of Mathe 
matics and Physics at Adelaide, South Aus 
tralia, in 1886, Cavendish Professor at Leeds in 
1909 and Quain Professor of Physics in 
University of London in 1916S. 

During the first World War Sir William acted 
in an advisory capacity to the British Admir 
alty, especially on the problem of submarine 
detection. He was created K. B. E. in 1920 and 
in the same year was elected honorary fellow of 
Trinity College, Cambridge. He was president 
of the Physical Society of London and in 1923 
was appointed Fullerian Professor of Chemistry 
at the Royal Institution and director of the 
Davy-Faraday research laboratory. He suc 
ceeded Sir Arthur Keith as president of the 
British Association for the 
Science in 1928. 

Since the outbreak of the present conflict Sir 
William had served as chairman of an especially 
appointed scientific food committee. 

His wife, Gwendoline, whom he married in 
1889, was the daughter of the late Sir Charles 
Todd. She died in 1929. 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the ¢ events to ) which they refer. 


MEET INGS OF ROE NT GEN SOCIE TIES 


UNITED STATES OF AMERICA 

AMERICAN ROENTGEN Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, lowa 
City, lowa. Annual Meeting: Atlantic City, N. J., Oct. 
6-9, 1942. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., Chicago, 
il]. Annual meeting: Atlantic City, N. J., June 10, 1942. 

SecTION ON RapioLoGcy, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: Atlantic City, N. J., June 8-12, 
1942. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon 
ticello, Arkansas. Meets every three months and also at 
time and place of State Medical Association. 

RADIOLOGICAL SocieTyY OF NORTH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: Drake Hotel, Chicago, IIl., 
Nov. } Dec. 4, 1942. 

RADIOLOGICAL SEcTION, BALTIMORE MEDICAL SOCIETY 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

SECTION ON RapIo_Locy, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. J. D. Coate, 434 Thirtieth St., Oakland, 
Calif. 

RADIOLOGICAL Section, Connecticut MEDICAL Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second rhursday, at place 
selected by Secretary. Annual meeting in May. 

SEcTION ON Rapio.ocy, ILLinots Stare MEDICAL Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

RADIOLOGICAL SecTion, Los ANGELES County MeEDICAI 
ASSOCIATION 
Secretary, Dr. Donald R. Laing, 65 North Madison Ave., 
Pasadena, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

BROOKLYN ROENTGEN Ray Sociery 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N. Y. Meets monthly on fourth Tuesday, October to April. 

BuFFALO RADIOLOGICAL SOCIETY 
agg Dr. Joseph S. Gian-Francheschi, 610 Niagara 

, Buff: alo, N. Y. Meets second Monday of each month 
except during summer months. 

CuicaGo ROENTGEN SOCIETY 
Secretary, Dr. Warren W. Furey, 6844 S. Oglesby Ave., 
Chicago, Ill. Meets second Thursday of each month 
October to April inclusive at the Palmer House. 

CINCINNATI RADIOLOGICAL SOCIETY 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, J}. O. Newton, 13921 Terrace Rd., East Cleve- 
land. Meets at 6:30 p.m. at Midday Club on Saein Mon 
day each month, Oc ies to April, inclusive. 

DENVER RapioLocicaL CLuB 
Secretary, Dr. Edward J. Meister, 366 Metropolitan 
Bldg., Denver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 

Derroir ROENTGEN Ray AND Rapium Sociery 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 


monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 
FLoripA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter A. Weed, 204 Exchange Bldg., 
Orlando, Florida. Meetings in May and November. 
GEORGIA Raprovocie AL SOCIETY 
Secretary, Dr. . Pendergrass, Prather Clinic Bldg., 
Americus, Ga. Mec ts in November and at annual meet- 
ing of Medical Association of Georgia in the spring. 
RADIOLOGICAL SociETY OF GREATER Kansas City 
Secretary, Dr. P. E. Hiebert, 811 Huron Bldg., Kansas 
City, Kansas. Meets third Thursday of each month at a 
place designated by the president. 
ILLINOIS RADIOLOGICAL SOCIETY 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, Ill. Meets three times a year. 
INDIANA ROENTGEN SOCIETY 
Secretary, Dr. H.C. Ochsner, Methodist Hospital, Indian- 
apolis. Meeting held the second Sunday in May annually. 
KENTUCKY RADIOLOGICAL SOCIETY 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in April. 
Lona IsLtanp RADIOLOGICAL SOCIETY 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 
Lou1s1ANA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society meeting. 
MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M.Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 
MILWAUKEE ROENTGEN Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 
MINNESOTA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. P. Medelman, 572 Lowry Medical Arts 
Bldg., St. Paul. 
NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 P.M. 
at either Omaha or Lincoln. 
New ENGLAND RoeENTGEN Ray Society 
Secretary, Dr. Hugh F. Hare, Lahey, Clinic, Boston, 
Mass. Meets monthly on third Friday, Boston Medical 
Library. 
RADIOLOGICAL Society OF NEw JERSEY 
Secretary, Dr. H. J. Perlberg,g21 Bergen Ave., Jersey City. 
Meets annually at time and place of State "Medical So- 
ciety. Mid-year meetings at place chosen by president. 
New York RoENTGEN SOCIETY 
Secretary, Dr. Paul C. Swenson, Presbyterian Hospital, 
New York City. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:00 P.M. 
NortuH CAROLINA ROENTGEN Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 
NortH Dakota RADIOLOGICAL SOCIETY 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 
CrentTrRAL New York ROoEnNTGEN Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 


Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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Rapro.oaica Society 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 

PaciFric ROENTGEN ScciETY 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 
Next meeting, Necho Allen Hotel, Pottsville, Pa., May 
15-16, 1942. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. B. R. Young, Temple University Hospital. 
Meeting first Thursday of each month from October to 
May inclusive at 8:15 p.m., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

PirTsBURGH ROENTGEN Society 
Secretary, Dr. H. W. Jacox, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 pP.m., October 
to June, Pittsburgh Academy of Medicine. 

RocHESTER ROENTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. Sidney Larson, Strong Memorial Hospital. 
Meets monthly on third Monday from October to May, 
inclusive ,8 p.m. at Strong Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary, Dr. A. M. Popma, 220 N. First St., Boise, 
Idaho, Annual meeting in Denver, summer of 1942. 

Sr. Louts Society or RADIOLocists 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets fourth Wednesday of each month, except June, 
July, August, and September, at a place designated by 
the president. 

San Francisco RADIOLoGIcAL SocIETY 
Secretary, Dr. H. A. Hill, 450 Sutter St., San Francisco. 
Meets monthly on third Thursday at 7:45 P.M., first 
six months at Toland Hall, second at Lane Hall. 

SoutH Carouina X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. F. B. Bogart, 311 Medical Arts Bldg., 
Chattanooga, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association. 

Texas RADIOLOGICAL SociETY 
Secretary, Dr. L. W. Baird, Scott and White Clinic, 
Temple, Texas. 

University oF MicHiGAN DEPARTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 
at 7 p.M. at University Hospital. 

University or Wisconsin RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 

VirGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. C. H. Peterson, 603 Medical Arts Bldg., 
Roanoke, Va. Meets annually in October. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. K. J. Holtz, American Bank Bldg., Seattle. 
Meets fourth Monday each month, College Club, Seattle. 

X-ray Stupy or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly in evening on third Thurs- 


day. 
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CuBa 
SociEDAD DE Rapio.ocfa y FistoTERAPIA DE CuBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 
BritisH Empire 
British INstiruTE OF RADIOLOGY INCORPORATED WITH 
THE RONTGEN SOCIETY 
Meets monthly on third Thursday from November to 
June inclusive, at 8:15 p.mM., 32 Welbeck St., London. 
SECTION OF RADIOLOGY OF THE Royat Society oF Mept- 
cINE (CONFINED TO MeEpicaL MEMBERS) 
Meets on the third Friday of each month during the 
winter at 8:15 p.m. at the Royal Society of Medicine 
1, Wimpole St., London, W. 1. 
Facu.ty oF RADIOLOGISTS 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. 1 
England. 
SECTION OF RADIOLOGY AND Mepicat E ecrriciry, Aus 
TRALASIAN Mepicat Concress. 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 
RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MeEpIcaL AssoctaTION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 
CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. D. Irvine, 540 Tegler Bldg., Edmonton, 
Alberta. 
SeEcTION OF RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N.S. 
RADIOLOGICAL SEcTION, NEw ZEALAND BritisH 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea 
land. Meets annually. 


CONTINENTAL Europe 

SociEDAD EspANOLA DE RADIOLOGIA Y ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

SociETE SuISSE DE RADIOLOGIE (SCHWEIZERISCHE RON1 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. 

Secretary for German language, Dr. Scheurer, Molzgassi 
Biel. Meets annually in different cities. 

SociETATEA ROMANA DE RADIOLOGIE s1 ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maracine, 30, 
S. I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

RoENTGEN Ray Association, LENINGRAD, 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. ; 
Secretaries, Drs. S. A. Reinberg and S. G. Simonson 
Meets annually. 

LENINGRAD ROENTGEN Ray 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o'clock State Institute 
of Roentgenology and Radiology, Leningrad 

Moscow RoentTGEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. 7] 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 
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AMERICAN RADIUM SOCIETY 


The Twenty-seventh Annual Meeting of 
the American Radium Society will be held 
in Atlantic Citv, New Jersey, in the Viking 
Room of Haddon Hall, on Monday and 
Tuesday, June 8 and 9, 1942. The following 
program has been arranged: 


PROGRAM 
Monday Morning, ‘fune 8, 1942 


Presidential Address. Hayes E. Martin, M.D. 

Pulmonary Metastases and Pneumonitis Fol- 
lowing Radiation Therapy from Cancer of 
the Breast. Kugene Pp. Pendergrass, M.D., 
and George White, M.D., Philadelphia. 

Frequency, Clinical Course, and Management 
of Metastases from Cancer of the Breast. 
Jacob R. Freid, M.D., and Henry Goldberg, 
M.D. (by invitation), New York. 

Fractures of the Rib Cage Following Interstitial 
Radium Therapy for Cancer of the Breast. 
Hoke Wammock, M.D. (by 
Philadelphia. 

Radiation Osteitis and Fractures Following 
Irradiation with Report of Five Cases of 
Fractured Clavicle. Danely P. Slaughter, 
M.D. (by invitation), New York. 

The Effect of Roentgen Therapy on the Heart: 
\ Clinical Study. John FE. Leach, M.D. (by 
invitation), New York. 


Invitation), 


Vion 


/fternoon, June 1942 


System of Tumor Dosage, Records, and Tech- 
nique as Employed at the Brooklyn Cancer 
Institute. Wilham E. Howes, M.D., Brook 
lyn, New York. 

Radiation Therapy in Cancer of the Esophagus: 
An Analysis of 83 Cases Observed During the 
Last Decade. Ernst A. Pohle, M.D., Ph.D., 
and Roland R. Benson, M.D. (by invitation), 
Madison, Wisconsin. 

Million Volt Therapy for Intrathoracic Neo- 
plasms. Wilham L. Watson, M.D., and 
Jerome A. Urban, M.D. (by invitation), New 
York. 

Janeway Lecture: The Role of the Gynecologist 
n the Field of Cancer. William P. Healy, 
M.D., New York. 


Vionday Evening ‘fune 8, 1942 
ANNUAL BANQUET 


Benjamin West Room, Haddon Hall 
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Tuesday Morning, June 9, 1942 


Cancer of the Uterus: The Results of Present 
Method of Radium Therapy as Influenced 
by Stage and Grade of the Lesion. H. H. 
Bowing, M.D., and R. E. Fricke, M.D., 
Rochester, Minnesota. 

The Elimination of Radiation Injuries in the 
Treatment of Carcinoma of the Cervix. 
Charles L. Martin, M.D., Dallas, Texas. 

Introducer for Inserting Multiple Capsules of 
Radium in the Uterus for the Treatment of 
Corpus Cancer. James F. Nolan, M.D. (by 
invitation), and A. N. Arneson, M. D., St. 
Louis, Missouri. 

Treatment of Rhinoscleroma. Guillermo Mon- 
tana, M.D., and Luis Vargas, M.D., Mexico 
(by invitation). 

The Histological Changes Produced by Frac- 
tionated Irradiation of Squamous Cell Epi- 
thelioma of the Mouth and Throat. Milton 
Friedman, M.D., and John W. Hall, M.D. 
(by invitation), New York. 

Surgery and Radium Therapy in Cancer of the 
Lower Lip. Isaac Levin, M.D., New York. 

Facial and Oral Prostheses (a Motion Picture). 
Andrew Ackerman, D.D.S., New York (by 
invitation). 


Tuesday Afternoon, Fune 9, 1942 


The Effect of Increasing the Dose of Roentgen 
Therapy to the Parametria on the Rate of 
Cure. William P. Healy, M.D., and Gray H. 
Twombly, M.D. (by invitation), New York. 

New Method of Applying Radium in Uterine 
Conditions. Ira 1. Kaplan, M.D., New York. 

Radon Treatment of Cancer of the Cervix 
Uteri (a Motion Picture in Technicolor). 
Krank E. Simpson, M.D., J. Ernest Breed, 
M.D., and James S. Thompson, M.D. (by 
invitation), Chicago. 

\ Remote Controlled Radon Plant and Auto- 
matic Measuring Apparatus. John E. Rose, 
Baltimore, Maryland (by invitation). 

Protection of Radium under War Conditions. 
L. F. Curtiss, Washington, D.C. (by in- 
vitation). 

The Centrosomes in Some Neoplastic Growths. 
Gonzales Guzman, M.D., Mexico City (by 
invitation). 

Further Studies of Deep Tissue Reactions Fol- 
lowing Irradiation for Cancer of the Upper 
Respiratory Tract. Howard H. Ashbury, 
M.D., Baltimore, Maryland. 
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MINNESOTA RADIOLOGICAL 
SOCIETY 

The Spring Meeting of the Minnesota 
Radiological Society was held at the Mayo 
Foundation House, Rochester, Minnesota 
on Saturday, March 28, 1942. The follow- 
ing program was given in the afternoon, 
after luncheon at the Mayo Foundation 
House, by members of the staff of the Mayo 
Clinic: 


Roentgenologic and Pathologic Studies of 


Prepyloric Ulcer. W. C. MacCarty, Jr., M.D., 
and B. R. Kirklin, M.D. 

Cholelithiasis in the Functioning Gallblad- 
der. Richard A. Twyman, M.D., and B. R. 
Kirklin, M.D. 

Histopathology of the Protruded Inter- 
vertebral Disc. J. McK. Ivie, M.D., and J. W. 
Kernohan, M.D. 

Infections of the Intervertebral Disc. Ralph 
K. Ghormley, M. D. 

Roentgenologic Aspects of Pseudomyxoma 
Peritonei. David G. Pugh, M.D. 

Primary Tumors of the Ribs. Frank J. Rigos, 
M.D., and John D. Camp, M.D. 

Roentgen Treatment of Erysipelas. James D. 


Sheldon, M.D., and W. D. Popp, M.D. 
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The Radiologist in the U. S. Navy. Gordon 
Perisho, Lieutenant, M.C., U.S. N. 

Platybasia. Robert D. Moreton, M. D., and 
John D. Camp, M.D. 

Prognosis in Carcinoma of the Stomach in 
Relation to Duke’s Type and Broders’ Grade 
of Malignancy. G. R. Dochat, M.D., and M. D. 
Dockerty, M.D. 

Dysgerminomas with Reference to Radio 
sensitivity. Robert D. Moreton, M.D., and E.T. 
Leddy, M.D. 

Some Interesting Case Reports. David G. 
Pugh, M.D., and A. U. Desjardins, M.D. 


The evening program consisted of a 
fellowship hour, dinner, and business meet 
ing, after which Dr. Patrick Wu, of Pei 
ping, China, gavean address entitled “China 
Speaks.’ 


CHICAGO ROENTGEN SOCIETY 

At the meeting of the Chicago Roentgen 
Society held on April 9, 1942, the following 
officers were elected for the coming year: 
President, Dr. Chester J. Challenger; Vic 
President, Dr. FE. Barth; Secretary, Dr. 
Warren W. Furey. 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 
for the courtesy of the sender. Selections will be made for review in the interests of our readers as space permits. 


RHEUMATIC FEVER. STUDIES OF THE EPIDEMI- 
OLOGY, MANIFESTATIONS, DIAGNOSIS, AND 
TREATMENT OF THE DISEASE DURING THE 
First THREE Decapes. By May G. Wilson, 
M.D., The New York Hospital and Depart- 
ment of Pediatrics, Cornell University Medi- 
cal College, New York City. Cloth. Price, 
$4.50. Pp. $95, with 47 illustrations and 79 
figures. The Commonwealth Fund; London: 
Oxford University Press, 1940. 

If anyone is inclined to doubt the supreme 
importance of acute rheumatic fever as a cause 
of mortality and morbidity in the human race, 
let him ponder over the following statements. 
Cardiac disease is the leading cause of death in 
the United States. Sixty to 80 per cent of heart 
disease, in persons under forty years of age, is 
of rheumatic origin. In New York City, rheu- 
matic heart disease results in more deaths in 
persons under twenty years of age than does 
pulmonary tuberculosis and all of the following 
disorders taken together.—pertussis, meningo- 
coccus meningifls, measles, diphtheria, scarlet 
fever and poliomyelitis. When one considers 
the amount of funds available for necessary 
research in the latter disease, it appears as 
though this much more important condition, 
which also affects young persons primarily, has 
\s a public health 
problem, the condition now ranks with tuber- 


been slighted grievously. 


culosis and syphilis. All of which leads the 
reviewer to state what he has long thought, 
namely, that if one should devote the major 
portion of his entire life to an intensive study 
of the prevention or cure of rheumatic fever, 
and would discover a single small fact which 
would eventually lead at least to some means 
whereby the heart might be spared, he would 
have made a worthy contribution to humanity, 
of inestimable value. 

The monograph of Dr. May G. Wilson, which 
has been sponsored by the Commonwealth 
Fund, presents the results of more than twenty 
years’ study of the etiology, epidemiology, mani- 
festations, course, diagnosis, prognosis, and 
treatment of childhood rheumatic fever. Her 
work, which is based chiefly on her long ex- 


RO 


perience in the cardiac clinics and wards of the 
New York Nursery and Child’s Hospital, is 
probably the most authentic and complete sum- 
ming up of recent data pertinent to rheumatic 
fever which has appeared in the medical litera- 
ture. It should engage the careful attention of 
all physicians who encounter patients with the 
malady or those suffering from its sequelae. 
There is a most complete bibliography follow- 
ing each one of the five subdivisions of the work 
which should be of great assistance to all who 
are interested in the literature dealing with any 
aspect of the disease. 

Many fascinating phases of the disease have 
been attractively presented and all could be 
appropriately reviewed if space were available. 
Only a few, however, can be discussed. 

The etiology of rheumatic fever is unknown. 
The author considers that it is probably an 
infection of a low degree of contagiousness but 
the causative agent has not been isolated. Nor 
has it been possible to reproduce the disease 
in animals. The earlier concept of a strepto- 
coccemia, which is no longer tenable, has been 
superseded by the allergic hypothesis which is 
based largely on speculative grounds. Of great- 
est importance is the observation, supported 
by genetic analysis, that hereditary suscepti- 
bility underlies the familial incidence of the 
disease, although it probably is not the sole 
condition essential for its development. If a 
case occurs in any given family, some predic- 
tion of the sibling incidence may be made. For 
example, if one child is rheumatic, it might be 
expected that the chances of susceptibility 
among subsequent siblings would be one to 
four or one to two, or more, depending on the 
genetic background. In this study, it was con- 
cluded that the hereditary mechanism was 
probably a single autosomal recessive gene. 

In studying the course of the disease, Dr. 
Wilson has had available the records of 717 
patients. In 348 the course of the condition has 
been known for ten years, in 199 for fifteen 
years, and in 148 for twenty years. It was found 
that the initial attack occurred in one-fifth 
when under five years, one-half at the ages of 
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five through eight years, and one-fourth over 
eight years. It is generally agreed that the 
initial attack of rheumatic fever does not often 
occur after the age of fifteen years. Growing and 
joint pains, chorea, and polyarthritis each oc- 
curred as sole manifestations at the onset in 
one-fourth of the cases. In only 3 per cent was 
active carditis the only evidence of the disease 
at the beginning; but either alone, or with 
polyarthritis or chorea, it was the earliest indi- 
cation of the condition in 1§ per cent. Eighty- 
five per cent experienced one or more recur- 
rences. It should be noted, however, that after 
the age of puberty, regardless of the age of on- 
set, there is a diminished tendency toward 
exacerbations of rheumatic activity. 

While cardiac disease has been known to 
accompany or follow acute rheumatic fever 
commonly, it is unlikely that physicians ap- 
preciate the remarkably high incidence of this 
complication. For example, it was found that 
in 32§ patients who were under observation 
either before or within one year after the onset, 
cardiac involvement occurred in &5§ per cent. 
This observation is convincing evidence that the 
heart is probably always involved at the onset of 
rheumatic fever. With such startling figures one 
naturally would inquire as to the criteria em- 
ployed which were taken to indicate cardiac 
involvement. The heart was said to have been 
affected when characteristic murmurs 
noted, or if it could be demonstrated that there 
was enlergement either with or without associ- 
ated significant evidence of valvular disease. 
It is emphasized by the author that the most 
important single early diagnostic criterion is 
cardiac hypertrophy. This is readily recognized 
by physical and roentgenographic examination 
when pronounced, but the usual roentgenologic 
criteria offer little assistance in determining the 
most important finding of early cardiac en- 
largement. The method which was _ finally 
utilized by the author was radioscopy, which 
included teleradioscopy and fluoroscopy. Ab- 
solute reliance should not be placed on measure- 
ment of the frontal plane of the cardiac sil- 
houette. A discussion of her findings is given 
with comments on the reliability of methods 
of estimating the size of the heart which should 
have a special appeal to all who have an interest 
in that subject. 

Additional divisions are devoted to progno- 
sis, to an appraisal of methods of determining 
activity and extension of the disease such as 


were 
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determination of the vital capacity, multipk 
electrocardiographic studies, the exercise test, 
the leukocyte count, the sedimentation test, 
and the presence or absence of fever. The con 
cluding chapters deal adequately with ‘“‘spe 
cific” and symptomatic treatment. 

In conclusion, let it be said that this publica 
tion is not just another monograph dealing with 
an important subject, but one based upon a 
well planned study, guided by an observer of 
ability who apparently has an ardent interest 
in the field, and one which is a definite contri 
bution to medicine. The Commonwealth Fund 
is to be congratulated in sponsoring such a 
valuable, carefully executed and long-continued 
study. 

Cyrus C. SrurGis 


THE Mopern TREATMENT OF SyPHILis. Second 
edition. By Joseph Earle Moore, M.D., 
Associate Professor of Medicine, The Johns 
Hopkins University; Physician-in-charge 
Syphilis Division of the Medical Clinic and 
Visiting Physician, The Johns Hopkins 
Hospital, Baltimore; Special Consultant, 

United States Public Health Service. With 

the Collaboration of Jarold FE. Kemp, M.D., 


Associate in Venereal Diseases, Johns Hop 


kins University; Harry Fagle, M.D., Past 
Assistant Surgeon, United States Publi 
Health Service and Lecturer in Medicine, 
Johns Hopkins University; Paul Padget, 


M.D., Associate in Medicine, Johns Hopkins 
University; and Mary Stewart 
M.D., Instructor in Pediatrics, Johns Hop 
kins University. Cloth. Price, 37.00. Pp. 
674, with 92 illustrations. Springfield, I] 
linois: Charles C Thomas, 1941. 


Goodw 


The first edition of ““The Modern Treatment 
of Syphilis,” published in 1933, has been revised 
by Moore and his collaborators and many new 
major items have been introduced into the 
contents of this second edition which have made 
it thoroughly modern. 

This book fills a need in medicine as it com 
presses, into one handy volume, a mass of in 
formation which deals authoritatively and com 
prehensively with the lhe 
author has had for over a quarter of a century 
an extensive experience with the disease in the 
syphilis division of The Johns Hopkins Hosp 
tal, in private practice, and in the World Wat 
of 1917. This, when associated with his familiar 
ity with the literature, his thorough knowledg« 
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of internal medicine, and his ability to express 
his thoughts in a lucid and concise manner, 
makes this publication the most satisfactory 
one of its type which is available. 

Certain important points, in addition to 
being discussed fully, are emphasized in an 
abbreviated manner at intervals throughout 
the book. For example, on page 229 are ten 
principles, expressed so clearly that no one 
could possibly misunderstand them, relating 
to the early treatment of syphilis. This may 
seem somewhat obvious to but sim- 
plicity, conciseness, clearness and emphasis are 
qualities of writing most desired by the medical 
student and practitioner, and in fact any mem- 
ber of the medical profession who is reading in 


some 


a field in which he is not an expert. 

Various ingenious devices are utilized to im- 
press important facts. For example, in the 
section on the treatment of latent syphilis is a 
diagram which stresses the value of treatment 
of latent syphilis. In this it is shown that death 
from antisyphilitic treatment occurs only once 
in two thousand times, whereas in patients 
with untreated syphilis the chance of death 
from the disease is one in four. This fact must 
be somewhat disconcerting to the physician 
who exhibits the case of the otherwise healthy 
untreated elderly syphilitic as evidence that 
patients may remain in good health despite 
the lack of therapy. Of course, such cases are 
known to allof us but the chances of its occur- 
rence have not been emphasized previously in 
such a convincing manner. 

The chapter on the management of cardio- 
vascular syphilis is written, as it should be, 
from the standpoint of the internist. An excel- 
lent discussion is given of the correlation be- 
tween the clinical and the pathological features 
of the condition, and comments are made on 
the early diagnosis of this complication. There 
are two points which have received special 
emphasis: first, that with the 
neurosyphilis, and perhaps even exceeding this, 
cardiovascular involvement is the most fre- 
quent cause of death in acquired syphilis, and 
second, to cope successfully with it, necessitates 
the recognition of the condition when it is in 
the uncomplicated aortitis stage. To accom- 
plish this, the possibility of its occurrence 
should always be kept in mind in all patients 
who have had syphilis for ten years or longer. 
Of the various diagnostic criteria available, the 
most important single one is the roentgenologi- 
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cal demonstration of dilatation of the first por- 
tion of the aorta. 

In the specific treatment of cardiovascular 
syphilis, it is advised that arsphenamine (606) 
be completely avoided, even in minimal 
amounts, and that mapharsen, neoarsphenam- 
ine or bimarsen be employed in small doses. 
In order to avoid the Herxheimer reaction 
(therapeutic shock) it is recommended that 
treatment be initiated and continued with bis- 
muth and iodides for a period of eight to twelve 
weeks, and finally, that continuous therapy 
should be given for a minimum interval of two 
years. 

And, finally, the results and a full discussion 
are given of six systems of treatment which 
have been used at Johns Hopkins Hospital for 
neurosyphilis. Surely advice concerning this 
perplexing and controversial problem will be 
welcome from one who has had such an exten- 
Sive experience. 

Certainly the reviewer can recommend whole- 
heartedly this compact volume on syphilis to 
all medical students and practitioners, and all 
others interested in the disease, without the 
slightest fear that any of them will be disap- 
pointed in the presentation of any phase of the 
disease. 


Cyrus C. Strurcis 


SURGICAL DISEASES Of 


rHE SpinaL Corp, 
MEMBRANES, AND NERVE Roots: SyMpTomMs, 
DIAGNOSIS, AND TREATMENT. By Charles A. 
Elsberg, M.D., Emeritus Professor of Neu- 
rological Surgery, College of Physicians and 
Surgeons, Columbia University; Emeritus 
Director of Neurosurgery, Neurological In- 
stitute of New York; Consulting Surgeon, 
Mount Sinai Hospital, New York City. With 
Chapters by Cornelius G. Dyke, M.D., Asso- 
ciate Professor of Radiology, College of Phys- 
iclians and Surgeons, Columbia University; 
Director of the Department of Roentgenol- 
ogy, Neurological Institute of New York, 
New York City,and Abner Wolf, M.D., As- 
sistant Professor of Neuropathology, College 
of Physicians and Surgeons, Columbia Uni- 
versity, Attending Pathologist, Neurological 
Institute of New York, New York City. Cloth. 
Price, $14.00. Pp. $98, with 249 illustrations. 
New York: Paul B. Hoeber, Inc., 1941. 
In the Preface the author states that this 

volume has been prepared to state concisely 

“the essential features of diseases and injuries 
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of the spinal cord, membranes, and nerve roots, 
which the surgeon may encounter, as well as to 
give the indications for operative intervention 
and to describe the technique of operations 
upon the spinal cord and nerve roots.” 

The reviewer, as a radiologist, therefore 
hesitates to comment on those phases of the 
book. The book is excellently prepared, the il- 
lustrations are good and helpful, and the print 
is of such a type that it is easy to read. Various 
types are used; for instance, in the beginning 
paragraphs of each chapter all type is in capitals 
for two lines and, even though the sentence is 
not completed, the subsequent portion of the 
sentence is in conventional type. Free use is 
made of italics to stress certain phases of the 
text. 

In the chapter devoted to roentgen diagnosis 
Dr. Dyke has done an excellent job. There are 
certain points, however, that a radiologist in- 
terested in this subject would wish to know that 
are not mentioned in the text. Some of these 
would include the information regarding the 
technique employed in certain examinations, 
whether films were made in the erect posture, 
lateral or horizontal, or whether they were 
made in extension or flexion. 

One wonders about the use of terms like 
“‘lipiodolography.”’ Is that a good name? There 
are so many names applied to this procedure 
that it would seem wise to keep them simple so 
that every one would be conversant with what 
is being talked about. 

Another thing that the reviewer has in mind 
is the contents to be included in the book with 
its present title. Diseases such as leukemia, 
metastatic carcinoma, and Hodgkin’s disease 
are discussed and, presumably, are regarded as 
surgical conditions of the spinal cord, but con- 
ditions like scoliosis and tuberculosis of the 
spine are not discussed. The uninitiated is 
somewhat at a loss to follow certain descriptive 
terms. For instance, a discussion is included 
of “intra and extradural” tumors. A further 
discussion is included under the status of “intra 
and extramedullary”’ tumors. These terms are 
not distinguished between in subsequent por- 
tions of the text and, at times in a description, 
for instance of a meningioma, it is stated that 
the lesion may occupy a position within or with- 
out the dura or arachnoid, but in other lesions 
the position will not be indicated. The classifi- 
cation as “intra and extradural”’ may be con- 
sidered for the determination of mobility of the 
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spinal cord. From the standpoint of roentgen 
diagnosis it is questionable whether one could 
go further than indicate that the lesion is intra- 
or extramedullary in its site. 

The radiologist would have liked more infor- 
mation concerning changes in the vertebral 
bodies in the young individual, secondary to 
venous stasis produced by spinal cord tumors, 
vertebral anomalies in the lower spine that 
simulate a fracture and conditions of the spine 
that produce low-back pain. 

The critical thoughts suggested above should 
not in any way detract from the importance of 
this excellent monograph. There are many, 
many features that, from the large experience 
and wealth of material of the authors, make 
this book a contribution to those interested in 
this subject. 

KuGENE P. PENDERGRASS 


Wounps AND Fractures; A Guipt 
To Civit Micirary Practice. By H. 
Winnett Orr, M.D., F.A.C.S., Lincoln, Ne- 
braska, Chief Surgeon, Nebraska Orthopedic 
Hospital; Fellow of the American College of 
Surgeons, etc. Cloth. Price $5.00. Pp. 
with 137 illustrations. Springfield, Illinois: 
Charles C Thomas, I9g4l. 

There is at the present time a tremendous 
increase in our interest in the treatment of 
wounds, notably of bones and soft parts. This 
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is due to the imminence of larger numbers of 
such patients injured by enemy action, and to 
the development of a new philosophy of the 
care of wounds due to the advent of chemo 
therapy and to the realization of the importance 
of the principles of immobilization and infre- 
quent dressing as restated and crystallized by 
Orr. This book has a historical as well as a 
practical importance. The author gives in the 
Preface the sequential development of his ideas 
from his experience in the last war to the pres 
ent. 

The application of these principles to the 
treatment of osteomyelitis in civil practice is 
now well known and its use in war surgery has 
been proved by Truetta. The book is a state 
ment of his credo as developed by discussion, 
case history and largely personal opinion. There 
are ten chapters dealing with Fundamental 
Principles of Fracture Treatment; The Opera 
tive Treatment of Fractures; The Treatment 
of Nonunion and Malunion; Compound Frac 
tures with Infection; 
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Joints; Nerve Injuries in Fractures; Fractures 
of the Pelvis, Spine and Hip; Fractures of the 
Foot and Hand; First Aid, Medical Care, and 
Physiotherapy and Conclusions. 

The illustrations are roentgenograms, line 
drawings, photographs and charts that are 
helpful and adequate. The book is not a com- 
pendium of fracture treatment for the beginner, 


but is a statement of an important principle of 


the treatment of trauma to bones by one who 
has restated, popularized and amplified the 
principle of immobilization and _ infrequent 
dressing. There are, perhaps rightly, no ex- 
tended literature but there is 
acknowledgment of the author’s debt to Hilton, 
Hugh Owen Thomas, A. H. Tubby, and Sir 
Robert Jones. 

The book is important to the clinical surgeon 
and to the medical historian. To the first, it is 
source material for a principle of treatment and 
to the second it may well be important as the 


references to 


first collected work of the author of a principle 
in surgical treatment that will have an impor- 
tant bearing on surgical practice and thought. 
It should be in every medical library and be 


read by all who treat trauma and infections of 


bones. 


FREDERICK A. COLLER 


A MANUAL o1 
By John 
Clinical Surgery, College of Medicine, Uni- 
versity of Cincinnati; Director of the Frac- 


rHE [TREATMENT OF FRACTURES. 


ture Service, Cincinnati General Hospital, 

Cincinnati. Cloth. Price, $3.50. Pp. 150, with 

76 illustrations. Springfield, Illinois: Charles 

C Thomas, 1941. 

Kractures are mechanical defects produced 
in bone by trauma. Their management may be 
simple or may be impossible of perfect solution. 
Kew reach complete knowledge from whence 
comes universal perfection. Any physician may 
be confronted with the task of their treatment. 
Compendiums and outlines of fracture treat- 
ment have been frequently issued to aid the 
needs of those whose experience and skill in 
treatment is meager. This manual has been de- 
signed to meet the needs of the less expert, 
“medical students, house officers and general 
practitioners.”’ It emphasizes principles rather 
than methods. There are sixteen chapters dealing 
with the commonly seen fractures of all bones. 

Following each chapter are references to 
books dealing with fractures in a more exhaus- 
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tive manner. The illustrations, largely by Miss 
Mary Maciel, are well executed, informative 
line drawings of a schematic nature that well 
amplify the text. The work is an excellent ab- 
stract of the essential principles of the treat- 
ment of fractures. The author has the ability 
to state concisely the fundamental facts in the 
treatment of common and important fractures 
in a way that is the chief charm and value of 
the book. Much is told in few words. The book 
is small, the print and format are adequate. 
The book will be helpful and useful for those 
for whom it was written, the occasional setter 
of bones or the beginner whose experience and 
knowledge are meager but whose needs in prac- 
tice demand which to work 
and build. To these the book is recommended. 
FREDERICK A, COLLER 
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THE BioLtocic FUNDAMENTALS OF RADIATION 
THERAPY: A TExTBook. By Friedrich Elling- 
er, M.D., Research Fellow, Radiotherapy 
Department, Montefiore Hospital, New York 
City. Formerly Privatdozent in Radiology 
at the University of Berlin. With a Preface 
by Maurice Lenz, M.D., Associate Clinical 
Professor of Radiology, Columbia Univer- 
sity, Director of City Cancer Hospital, Chief 
of Radiotherapy Departments, Presbyterian 
Hospital and Montefiore Hospital, New York 
City. English translation by Reuben Gross, 
M.D., Formerly Resident Physician, Radio- 
therapy Department, Montefiore Hospital, 
New York City, 1st Lieut. M.C., U.S.A. 
Cloth. Price, $5.00. Pp. 360, with 79 illus- 
trations. New York: Elsevier Publishing 
Company, Inc., 1941. 

For everyone concerned with the effects of 
radiation on living matter, the author has done 
a real service in collecting and assorting the 
material here presented. In that borderline 
field of science where biologist, physicist, 
chemist, pathologist, and radiation therapist 
meet, it is difficult for anyone to keep in touch 
with the literature of all phases of the work. A 
bibliography of 1,100 titles, all published be- 
tween 1930 and 1940, attests the magnitude of 
the task. 

The book deals not with roentgen rays and 
radium rays alone, but also with those some- 
times overlooked forms of radiation, ultraviolet, 
visible, and infra-red light. After giving in 
considerable detail the effects of roentgen radia- 
tion on all tissues and organs, the author con- 
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siders the effects on inflammations and on 
benign and malignant neoplasms. An effort to 
state desirable methods of treatment for various 
diseases without going into sufficient detail 
results in a rather unsatisfactory section on 
actual therapy. However, the author has stated 
that his purpose is not to teach how to treat 
any particular disease, but how to understand 
and evaluate the biological factors underlying 
such treatment. 

The section on ultraviolet, visible, and infra- 
red radiation includes detailed discussions of 
photo-erythema and pigmentation, photosensi- 
tivity and sensitization, and vitamin D forma- 
tion. In the final section are outlined the various 
theories which have been advanced to explain 
the effects of radiation, and finally, general 
principles are suggested for therapy. 

The book is a compendium of information 
collected from the literature; one could wish 
that at times the author had been more critical 
regarding the work reported. In numerous in- 
stances an experimental result is stated with 
no intimation of the methods by which it was 
obtained, and no evaluation of its merits rela- 
tive to other work on the same object. However, 
a much larger volume than the present one 
would have been necessary for the presentation 
of much critical analysis. 

The bibliography, extensive as it is, has been 
selected mainly from generally accessible peri- 
odicals. It would have been helpful to have it 
arranged either alphabetically or by topics. An 
alphabetical author index and a good subject 
index are provided. 

EpitH H. Quimsy 


HisroLocicaL SruDIES ON THE NORMAL AND 
THE IRRADIATED SUPRARENAL GLAND IN 
Rappits: CONTRIBUTION TO THE SUBJECT 
OF SEASONAL CHANGES IN THE ADRENAL 
CorTEX AND OF THE DIFFERENTIATION OF 
THE Cortex Cexis. By Olav Torgersen. 
Skrifter utgitt av det Norske Videnskaps- 
Akademi i Cslo, I. Mat.-Naturv. Klasse, 
1940, No. 2. Paper. Pp. 112, with 12 tables 
and 7 plates. Oslo: Jacob Dybwad, 1940. 

In this extensive monograph, the author 
points out the very slight effects of adrenal ir- 
radiation in male rabbits of varying ages. 

He reviews the literature on the subject and 
after a short review of adrenal histology, he 
shows how many of the apparent histopatho- 
logical changes seen and interpreted by earlier 
workers may be, and probably are, merely 
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seasonal or other normal variations. Torgersen 
feels that incidence of low concentrations of 
doubly refractive fatty substances and the high 
incidence of the fatty or ‘‘delomorphous cells’’ 
in the Fall and Winter (when the animals are 
reluctant to mate) provide evidence of the 
seasonal variation related to the cycle of sexual 
activity. The component cells of the adrenal are 
discussed, and the author differs with the ac- 
cepted views in that he does not believe the 
“light and dark”’ cells to be degenerating forms, 
but rather two specific cell types each with a 
function related to sexual activity. In his cas- 
trated animals, the “‘light cells’’ are more nu- 
merous than normal, indicating a possible at 
tempt to compensate for the loss of the gonads. 

The rabbits used were exposed to 175 kv. 
roentgen rays delivered through a posterior 
field including both adrenals. The dosage was 
very high, ranging from 3,000 to 6, r at one 
sitting. This dose was calculated to be as high 
as was compatible with life and was somewhat 
dependent upon age. Unirradiated animals ot 
the same age, sex, and environment consti 
tuted the controls. 

In the histopathological studies made at 
varying intervals after irradiation, the changes 
were so slight as to be recognized only with 
difficulty even in animals as young as one 
month. Occasional ‘“‘vacuolar degeneration” of 
the cortical cells was encountered, but these 
same changes were found to result from irradi 
ation of the skin, whether or not the adrenals 
were included in the field. 

Collateral examinations of the thyroids, 
hypophyses, and blood cholesterol values in 
the irradiated animals showed no significant 
alterations. The testes of the irradiated animals 
showed slight retardation of sexual maturity. 

Despite the large doses of roentgen rays to 
the adrenals, the seasonal variations of delo 
morphous cells, doubly refractive lipoids, and 
light and dark cells, were not interrupted o1 
significantly altered. The author indicates 
clearly that these glands are radioresistant to 
roentgen doses far in excess of the usual clinical 
range. 

C. L. Hinke! 
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A ROENTGEN FILM 


ILLUMINATOR FOR 


SCIENTIFIC EXHIBITS* 


By S. 


REID WARREN, JR. 


The Moore AY, hool \ ray Laboratory, Moore School of k le trical 
Engineering, University of Pennsylvania 


PHILADELPHIA, 


foes apparatus described briefly in this 
paper is a square illuminating frame 
with space for thirty-two 14 by 17 inch 
This illuminator, with 
inch films in place, is shown in 


roentgenograms. 
two 14 by 17 
Figure 1. The illuminator can be disassem- 
bled conveniently and the parts can 
placed in a packing case which is also de- 
scribed below. 

The features 
which may be applied with economy to the 
construction of illumimators which are to be 
permanently _ installed 


be 


illuminator several 


in 
rooms. The sources of light are eight 40 
watt 48 inch and four 2 


film-viewing 


watt 24 inch day- 
light fluorescent lamps.. The total power in- 
put (to lamps and auxiliary ballast equip 
ment) is 480 watts. The temperature of the 
surface upon which the roentgenogram is 
placed differs by a negligibly small amount 
from the ambient temperature. The diffus 
ing material upon which the films 
placed is translucent Plexiglas, a 


are 
white 
translucent plastic which is uniform, ef 
ficient, and practically unbreakable. The 
material can be polished occasionally to re- 
move fine scratches which may accumulate 
on the outer surfaces. The maximum and 
minimum luminous flux densities are 19¢ 
lumens per square foot and 130 lumens per 
square foot, measured by means of a Wes- 
ton foot-candle meter with the measuring 


t “White Translucent Plexiglas No. 122-2<0, f ch thick,” 
manufactured b Rohm and Haas 0... Inc , 239 Wash ngton 
oquare, Philad 

* This device ind packing cas were con ru 
the National Tuberculosis Association. The luminator was 

ld in San Antonio, Texas, May 4 1941 


n the Moore School Shop by M. E. Nelson and | 


first used 
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element held flat against the surface of the 
Plexiglas. Although the average luminous 
flux density (about 170 lumens per square 
foot) is lower, and the deviation of maxi- 


1. 


Assembled roentgen film illuminator. 


mum from minimum luminous flux density 
(190 —130=60 lumens per square foot) is 
higher than the standards usually specified 
for diagnostic film illuminators, the illu- 
mination is adequate for exhibit purposes. 


issistant, John Pedley, for 


at the annual meetin il Tuberculosis Association 


Sil 
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S. Reid Warren, Jr. 


Ic. 


2. One illuminating frame removed to show 
construction 


If green fluorescent lamps were used, the 
average luminous flux density would be ap- 
proximately 320 lumens per square foot; 
this value is comparable to that measured 
at the surfaces of the 14 by 17 inch film il- 
luminators commonly used in a roentgen 
department. Furthermore, it is the opinion 
of some observers that green illumination 
of roentgenograms enables the observer to 


perceive smaller differences in film density 
than “daylight” illumination. 

Brief descriptions of the structure of the 
illuminator and of its packing case are pre 
sented in the following paragraphs ‘with 
accompanying illustrations. The total cost 
of materials for the illuminator and 
packing case was approximately $18 
excluding labor costs. 

Figure 2 shows the illuminator with one 
side removed. The four legs (7) are pieces 
of extra-light weight 2 inch steel angle each 
6 feet 3 ; 
inches square by 1 inch thick are welded tO 
each of the four legs. ght steel 
plates support the four illuminating frames. 

Each illuminating frame (? 


four pieces of 1 by } 


the 


inches long. Two steel plates (2) 6} 


These el 


consists oft 
inch hea, gauge steel 
of 


4) and two cross pieces ( 
by ? inch heavy gauge steel T. The out 


angles 5 


side dimensions of the welded rectangu 
lar frame are 333 by 563 inches. Pieces of 
aluminum linol 6) are 


screwed to these steel frames. The cross 


‘um moulding 


sections of the mouldings are shown in Fig 
ure 3 with letters a, 4, c, corresponding to 
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ic. 3. Packing case for disassembled roentgen film illuminator. Aight: cross-sections oft 


aluminum linoleum moulding used to hold Plexiglas and roentgenograms. 
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similar designations of Figure 2. Before the 
end-moulding c¢ is put in place, sheets of 
translucent Plexiglas 163 by 28 by 0.060 
inch (7) are pushed into place. The com- 
pleted frames are bolted to the 6} by 64 
by } inch steel plates as shown in Figure 2 
(8). Thus the major assembling operation 
consists of attaching the four illuminating 
frames (3?) to the four legs (7) by means of 
thirty -two bolts. 

The sources of illumination are eight 40 
watt 48 inch daylight fluorescent lamps (9) 
which are mounted horizontally, and four 
20 watt, 24 inch daylight fluorescent lamps 
(70) mounted vertically at each of the four 
corners of the illuminator. The centers of 
the large lamps are 8 inches from the sur- 
face of the Plexiglas sheets which they 1l- 
luminate. 

One high power factor ballast unit for a 
pair of 40 watt lamps is mounted on each 
leg (77). A high power factor single lamp 
ballast (72) is mounted on each leg for a 20 
watt lamp. 

On each of the four legs a junction box 
7?) is mounted. This junction box contains 


two outlets—a standard parallel-prong, 
two-terminal outlet and a special three- 


terminal outlet.* Rubber covered conduc- 
tors from each leg are connected to the next 
leg in counter clockwise direction. The 1 15 
volt 60 cycle a.c. input cable is connected 
two-terminal parallel. 
These are inserted in the corresponding re- 


to four plugs in 
ceptacles. The wiring diagram is shown in 
igure 4. 

The legs are painted with white enamel. 
Double thicknesses of Dupont white Ton- 
tine window shading (74) 39 inches wide 
and 44 inches long are stretched back of the 
two 40 watt lamps on each frame and at- 
tached by means of nuts and bolts to the 
frames at the top and bottom. 

A piece of gray sateen (75, Fig. 1) with 
black elastic inserted in a loop of the ma- 
terial at the top is stretched around the 
bottom of the illuminator frame. 

Roentgen films are mounted in the frame 


* This fixture is “H and H receptacle No 92. 
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by trimming their larger dimensions to 163 
inches and slipping three edges between the 
Plexiglas and the aluminum moulding. The 
fourth (vertical) edges of each pair of films 
are held in place by stainless steel strips 
(23, Fig. 1) which are ground to a taper at 
each end so that these ends can be inserted 
between the aluminum moulding and the 
films. A stainless steel strip (24, Fig. 1) 1s 


HOV 

Fic. 4. Wiring diagram of apparatus attached to one 
leg. Dashed lines at right represent 20 watt 
fluorescent lamp; circles near center represent 
ends of two 40 watt lamps; dashed lines at left 
represent two 40 watt lamps. 7R are connected to 
the three-conductor receptacle mounted on this 
leg; TP are connected by means of a cord to a 
plug which is inserted in the three-conductor re- 
ceptacle in the next leg to the left. C, compensator; 
W, B, Bi, R, white, black, blue, and red leads from 
ballasts. 


slipped into the aluminum moulding at 
each corner of the illuminator to hide the 
ends of the two illuminating frames. 

When the illuminator is taken apart all 
of its components are packed in a shipping 
case made of ? inch white pine shelving. 
The lavout of this packing case is shown 1n 
Figure 3. The case is divided into two large 
compartments by the wall (76, Fig. 3). 

The four illuminating frames are placed 
in one (77) of the compartments; each 
frame being separated from the others by 
three strips of wood placed in slots (78). 
The smaller compartment (78-4) on this 
side of the case is the receptacle of the 
shades, wrapped in black paper, and there 
is room to store ré ventgen films as well. 

The other side of the case is divided into 
three compartments. The largest (79) 1s 
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arranged for the four legs. Two slotted 
pieces (20) hold the legs rigidly in place. 
The 6 by 6 by } inch steel plates of each leg 
are flush with one end of the box and with 
one of these vertical pieces; the plates are 
bolted in place for shipment. The smaller 
remaining compartment (2/7) is used for 


S. Reid Warren, Jr. M 


storing the input cable and a box containing 
nuts and bolts. All of the lamps, inserted in 
the corrugated paper tubes supplied with 
them, are surrounded by excelsior and 
packed in the remaining compartment (22). 
The shipping weight 1s 495 pounds. 
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SomMER, FRANz, and Tress, Erwin. Beitrag 
zum Krankheitsbilde der Lipokalzinogra- 
nulomatose. (Eine besondere Form der Cal- 
cinosis universalis.) (The clinical picture of 
lipocalcinogranulomatosis, a special form of 
calcinosis universalis.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen, April, 1941, 63, 205-214. 


In the literature of the past few years a num- 
ber of cases have been reported showing multi- 
ple tumefactions containing extensive calcium 
deposits in the region of the joints and they 
have been designated by Deutschlaender as a 
symmetrical progressive lipocalcinogranuloma- 
tosis and attributed by him to a systemic dis- 
ease involving the synovial cavities with de- 
generation of the fat tissue and dystrophic 
calcification. 

The author reports the case of a woman, aged 
forty-eight, who had noticed a painless, cherry- 
sized nodule in the left shoulder for five years. 
More recently she had lost much weight and 
felt very tired complaining of anorexia and 
sleeplessness. Later a nodule appeared on the 
left buttock and she experienced pains in the 
lower legs. The calcium content of the serum 
was 16.36 mg. per 100 cc. Roentgen studies dis- 
closed calcified tumor masses at the left ac- 
romioclavicular joint (with a much smaller one 
on the right side also), in the cervical and upper 
dorsal areas, in the metacarpophalangeal area 
at the lateral aspect of the right hand, about the 
lesser trochanter on the right, and about the 
lower ends of the right humerus and of the left 
femur. 

The masses increased rapidly in size and 
some recurred after operative removal. Weak- 
ness, atrophy of the musculature and anemia 
progressed and the patient died about five years 
after the first nodule was noticed. It is apparent 
that the calcification occurs before the tumor 
formation and is accompanied by a diffuse os- 
teoporosis without deformity of the bones. 

The microscopic study of a nodule showed a 
connective tissue capsule with cavities contain- 


ing calcium and necrotic doubly refractile 
lipoid material surrounded by lipophagic gran- 
ulation tissue with single and multinucleated 
macrophages. Characteristic spherocrystals 
were also seen. 

Various theories and speculations concerning 
the pathogenesis are given.-W. 4. Evans, Fr. 


PoMERANZ, Maurice M., and RorusBerc, 
ABRAHAM S. A review of §8 cases of tabetic 
arthropathy. 4m. F. Syph., Gonor. S Ven. 
Dis., Jan., 1941, 25, 103-119. 


The authors review §8 cases of joint disease 
resulting from tabes. This is usually called 
Charcot’s disease as the first classical descrip- 
tion of it was made by Charcot in 1868. Its most 
frequent site is in the knee joint; 38.5 per cent 
of the authors’ cases were in this joint. Several 
joints were involved in 19 cases and in 12 the 
disease was bilateral. The greatest number of 
cases occurred in the $th and 6th decades and 
in white males. Two cases were in colored fe- 
males. Reported statistics in regard to the fre 
quency of Charcot’s disease in syphilis vary 
widely. 

Neither positive neurological findings nor 
positive serological findings are constant in this 
disease. Among the authors’ cases there were 
positive neurological findings in 48 cases, the 
blood test was positive in 45 per cent of the 
cases and the spinal fluid in §1 per cent. Since 
neither of these methods of examination is reli- 
able in all cases roentgen examination becomes 
very important. In fact, in many cases the 
roentgenogram provides the first positive evi 
dence of the syphilitic nature of the joint dis 
ease when syphilis has not been suspected. 

The roentgen findings may be divided into 
those of early, moderately advanced and ad- 
vanced stages of the disease. In the early stage 
the disease is hard to recognize. Perhaps the 
most constant finding is an accumulation of 
fluid in the synovial sac. This, however, is not 
pathognomonic as synovitis may result from 
any injury to the joint. A more important 
symptom is slight sclerosis of the bones of the 
joint, due to thickening of either trabeculae 
or cortex, more frequently the former. This 
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change may be slight and if in the cortex may 
be mistaken for a low-grade osteomyelitis. 

In moderately advanced cases the effusion is 
greater and the synovial sac forms a tense, 
fluctuating tumor which obliterates the normal 
anatomical markings. The osteosclerosis may 
have progressed to the stage of intense eburna- 
tion of the bones. The cortex is irregularly 
thickened and there are scattered areas of peri- 
ostitis. There may be small fragments of bone 
in close contact with the ends of the bones 
from which they have been detached. In cases 


associated with trauma a diagnosis of fracture: 


may be made and the cause overlooked. As a 
result of pathologic fractures luxations are fre- 
quent and characteristic of the disease. 

In the advanced stage the roentgenogram is 
quite characteristic. The effusion in the joint 
may be absorbed or replaced by a flocculent 
calcium deposit. This may be due to calcifica- 
tion of a hemorrhagic area or calcification of the 
synovium. The osteosclerosis is very marked 
and the bone intensely eburnated. The cortex 
is extensively and irregularly thickened. The 
periosteum is thickened and sometimes new 
bone is deposited perpendicular to the shaft, so 
that the picture resembles that of osteogenic 
sarcoma. But osteosclerosis, osteoperiostitis and 
cortical thickening may be lacking even in ad- 
vanced cases. The joint space is narrowed and 
completely obliterated. Multiple 
fractures and luxations are very frequent and 


sometimes 
characteristic. Small fragments may appear 
free as joint mice or attached to the synovial 
membrane. In spite of the great destruction of 
the joint there is often evidence of repair also. 

Contrary to the usual opinion, this disease 
is by no means always free of pain. There was 
pain in all but two of the authors’ cases, but 
not so intense as would have been expected 
from the degree of destruction. The pain is 
probably due to the fact that not all of the pain 
fibers in the columns of Goll and Burdach are 
destroyed. Late in the disease after they have 
all been destroyed there is no pain. 

In this series of cases a history of S\ philis was 
obtained in only 39. Although some of the pa- 
tients had been given long and intense anti- 
syphilitic treatment the development of neuro- 
trophic joints was not prevented. Whether 
medical treatment for syphilis is to be given 
depends on other factors than the joints. Surgi- 
cal treatment has not proved very successful. 
In this group of cases 21 operations were per- 
formed on 18 patients, 2 of whom died after 
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knee fusions. Although 11 fusion operations 
were performed the results were successful in 
only two, one in the cervical spinal column and 
one in the kneee. Two fusion and two recon- 
struction operations on the hip were all unsuc- 
cessful. It is fairly safe to say that no hip 


joint can be successfully fused. In one syno- 


vectomy of the knee pain became so agonizing 
that a low thigh amputation was necessary. 
Three amputations were performed because the 
disorganization of the joints was so great that 
satisfactory arthrodesis was impossible.—/u- 
drey G. Morgan. 


Hess, W. Rontgenologische und pathologisch- 
anatomische Beobachtungen bei einem Fall 
von Osteopoikilie. (Roentgenologic and path- 
ological anatomic observations in a case of 
osteopoikilia.) Fortschr. a. d. Geb. d. Rént- 
genstrahlen, Oct., 1940, 62, 252-258. 


Osteopoikilia was first described by Albers- 
Schénberg in 1915. About 70 cases have been 
reported. The areas of bone condensation are 
seen most frequently in the spongy portions of 
the bones near the joints and most rarely in the 
skull and vertebrae. No definite clinical symp- 
toms have been observed. The condition is a 
hereditary recessive characteristic. The case 
here reported is remarkable in that it was com- 
plicated by acute myeloid leukemia and that a 
complete postmortem study could be made. 
The patient was a twenty-seven year old wom- 
an with high fever and hemorrhages from the 
skin and mucous membranes. The white cell 
count varied from 8,000 to 40,000 per cu. mm. 
Death occurred after a six weeks’ illness. The 
lesions of osteopoikilosis were numerous 
throughout the skeleton except in the skull, 
sternum, and spine. Microscopic studies show- 
ing the character of the lesions are described 
and illustrated. The findings of Schmorl and 
Briicke were confirmed. There was thought to 
be no causal the osteo- 
poikilosis and the leukemia and no influence of 
the one on the other.—W. 4. Evans, Fr. 


connection between 


BuLLo, Enzo. Un raro caso di tumore osseo. 
(An unusual case of bone tumor.) Radiol. 
med., Feb., 1941, 28, 110-111. 


A case is described in a young man of twenty- 
one in whom a tumor developed on the antero- 
lateral surface of the upper end of the tibia. 
There was no history of trauma. Roentgen ex- 
amination seemed to show osteosarcoma and 
he was given sey eral roentgen treatments with- 
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out any result. He was then sent to the author, 
whose roentgen examination also showed a pic- 
ture similar to that of osteosarcoma but with 
some atypical features. 

Amputation of the limb showed a grayish 
tumor with some hemorrhagic cysts in it. It was 
found to have originated in the musculature 
and to have broken through the cortex of the 
bone later. Histological examination showed 
that it was a malignant rhabdomyoma. 

Such tumors, originating in the soft parts 
and extending to bone secondarily, are quite 
rare. The patients are generally young. Differ- 
entiation in these cases is very difficult for the 
tumors are generally confused with bone sar- 
coma or sarcoma of the fascia. 

The treatment of choice in malignant rhab- 
domyoma is surgical._-.dudrey G. Morgan. 


Masserini, Arritio. Aspetti radiografici dei 
tumori giganto-cellulari delle ossa trattati con 
roentgenterapia. (Roentgen appearance of 
giant cell bone tumors treated with roentgen 
irradiation.) Radiol. med., Feb., 1941, 20, 
gl. 

There has been a good deal of discussion in 
recent years of the differentiation of benign 
giant cell tumors of bone from sarcoma, and the 
possibility, now generally admitted, of their 
undergoing malignant degeneration. There has 
been little or no discussion, however, of their 
appearance after roentgen treatment and of the 
effectiveness of this treatment in this form of 
tumor. 

The author therefore describes and illustrates 
with roentgenograms § cases which he has had 
under observation for some vears. The details 
of treatment, which varied somewhat in the 
different cases, are given. It is hard to tell clini- 
cally when these cases improve or are cured, for 
the swelling of the bone does not recede. But 
there is a marked change in the roentgen pic- 
ture after treatment. Before treatment the bone 
presents the appearance almost of a multilocu- 
lar cyst, though in some cases the bone inside 
the thin shell of cortex seems to be completely 
destroyed. After treatment there is a very evi- 
dent recalcification of the cortex, and of the 
trabeculae if the bone design has been pre- 
served, until finally the bone appears solid and 
resistant again or there may even be an intense 
eburnization. If the tumor had broken the cor- 
tex and extended into the soft parts this part 
of the tumor becomes calcified also. 

These changes, however, take place very 
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slowly. In some cases, as in the author’s first 
one, the condition even seems to grow worse at 
first; this is known as Herendeen’s paradoxical 
phenomenon and consists of an apparent con 
tinued decalcification of the cortex and exten 
sion into the soft parts, which ts followed later 
by the recalcification described above. The 
process of recalcification after it begins may 
continue for three or four years. The apparent 
exacerbation at first therefore should not dis 
courage the physician, but on the contrary the 
series of roentgen treatments should be re 
peated several times..dudrey G. Morgan. 


Wise, R. A. Lateral dislocation of the head of 
the radius with fracture of the ulna. ¥. Bon 
& Foint Surg. April, 1941, 2}, 379-381. 


Monteggia emphasized the frequent occur 
rence of dislocation of the head of the radius 
with a fracture of the shaft of the ulna. The 
radial dislocation is usually anterior but may 
be posterior or lateral; the ulnar fracture is 
usually in the upper third of the shaft but may 
be anywhere in the shaft. . 

The author reports a case in which the ulnar 
fracture was in the upper third and the radial 
dislocation was lateral in type. The important 
diagnostic point from the roentgen standpoint 
is the relation between the head of the radius 
and the capitellum. If this relationship is pre 
V1. Harvey. 


served no dislocation exists. R. 


SIEGLING, JouN A. Growth of the epiphyses. 
J. Bone & Foint Surg., Jan., 1941, 23, 23-36. 


It is generally accepted that growth of the 
diaphysis takes place at the cartilage columns 
in the epiphseal plate, and that certain growth 
cartilages contribute more than others to longi 
tudinal grow th. Proof of these facts was in part 
due to the proper interpretation of transverse 
lines observed in long bones following the clini 
cal and experimental administration 
phorus. The pathology of these 
opacities was speculative until 1927, when Eliot 
demonstrated that they were the result of a 
bony lattice work, produced by the enlarge 


of ph S 
transverse 


ment and cross branching of the trabeculae, 
which at times illustrated transverse 
bridging. Lines have also been observed in cases 
of congenital syphilis, in severe illness (particu 
larly scarlet fever), in lead poisoning, and after 


even 


ingestion of certain drugs. In cases where phos 
phorus has been administrated intermittently, 
multiple lines have been observed. 

Siegling’s attention has been attracted fot 
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some time to the appearance of lines in the 
epiphyses In roentgenograms of children as a 
result of disease or phosphorized cod-liver oil 
medication. Since interpretation of the radio- 
paque lines in the diaphyses has thrown light 
on shaft growth, he thought that study of simi- 
lar lines occurring in epiphyses might clarify 
the question regarding their growth. 

Growth activity in the epiphysis is confined 
to the articular cartilage by microscopic evi- 
dence. In the roentgenograms of children, radio- 
paque lines due to lead, bismuth, phosphorized 
cod-liver oil, etc., Siegling observed, assumed 
very definite patterns. These patterns were de- 
pendent upon the method of growth of that 
particular epiphyseal cartilage. In practically 
all cases new bone seemed to have been added 
to the epiphysis everywhere except at the epi- 
physeal cartilage. He found in roentgenograms 
of knees of growing children in whom surgical 
fusion of the knee had been performed that, 
with removal of the articular cartilage and fu- 
sion of the osseous elements of the adjacent 
epiphyses of the femur and tibia, the epiphys 
eal cartilage plates did not grow farther apart. 
The vertical diameter of the combined epiphys 
eal nucleus did increase. This is additional 
proof that growth of the epiphysis takes place 
by proliferation of the articular cartilage fol 
lowed by endochondral ossification, and that 
epiphyseal cartilage is a negligible factor in 
longitudinal growth of the epiphysis, if it con 
tributes at all.-R. 8. Bromer. 


Witmorn, C. L. Osteochondromatosis. Bon 
Joint Surg., April, 1941, 367-374. 
The author describes this entity as an un 

common one in which multiple intra-articular 
cartilaginous bodies are found as free bodies or 
attached. The etiology has not been definitely 
established. During a ten year period the author 
saw 6 cases of osteochondromatosis involving 
the knee joint, 2 of the elbow joint and 1 of the 
hip joint. The patients were all males varying 
in age from twenty-six to sixty-four. 

He summarizes the 9 cases and includes illus- 
trative films showing involvement of the hip, 
elbow, and knee joints respectively. Most of the 
cases complained of some degree of pain, swell- 
ng and limitation of motion of the involved 
joint. All cases but one were subjected to opera 
tive removal of the loose bodies with partial 
synovectomy. No recurrences were noted but 
the follow-ups were limited to a four year 


period, and in view of the slow-growing tend- 
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encies of these masses the author does not feel 
that this is a sufficient length of time to warrant 
any claims of cure. 

The size and number of the joint bodies was 
responsible for the objective findings and the 
subjective symptoms are those usually at- 
tributed to arthritis. The diagnosis is confirmed 
by roentgenograms.—R. M. Harvey. 


SraurreR, H. M., Arpuckie, R. K., and 
Agcerter, E. E. Polyostotic fibrous dys- 
plasia with cutaneous pigmentation and con- 
genital arteriovenous aneurysms. 7. Bone & 
Foint Surg., April, 1941, 23, 323-334- 


Recently fibrous dysplasia involving multiple 
bones has been differentiated from osteitis 
fibrosa cystica. The authors present a case with 
unilateral fibrous displacement of bone, cutane- 
ous pigmentation and multiple arteriovenous 
aneurysms in the extremities showing the most 
marked bone changes. 

The patient was a male, aged nineteen, ad- 
mitted because of protrusion of the left eye and 
a recent history of brownish pigmentation of 
this eyelid, lacrimation and shooting pains in 
the eye. An injury to the left arm in childhood 
was followed by enlargement and bowing. Pro- 
trusion of the left eye first occurred at the age 
of five following trauma. At this time a roentgen 
diagnosis of “‘bone cysts” was made. The left 
femur was fractured three times. Enlargement 
of the left upper arm occurred following minor 
traumata. The veins of the left upper arm were 
prominent since early childhood. A pathologi- 
cal diagnosis of osteitis fibrosa cystica was made 
on a biopsy of the left forearm at the age of 
elev en. 

The important physical findings were bony 
enlargement of the left frontal region and left 
jaw, increased diameter of the left arm, prom- 
inence and coxa vara deformity of the left hip, 
increased diameter of the left thigh, and genu 
valgum of the left knee with left cavus and 
equinus deformity of the foot. There was a large 
pigmented area over the lower posterior thorax, 
to the left of the midline. Thrills and bruits 
were present over the left upper arm and leg. 

Roentgenograms showed bilateral lesions of 
the bones, more advanced on the left. The skull 
showed marked thickening of the frontal bone 
with replacement of the frontal sinus. The shaft 
of the left humerus was expanded, the cortex 
thinned, and the medulla showed irregular 
trabeculations intermixed with lucent areas 


Suggesting cysts. Similar changes were found 
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in the bones of the hand. The pelvis, left side, 
was asymmetrical and distorted and showed 
similar rarefaction. The left femur was likewise 
involved. The blood phosphatase level was 
markedly elevated and the calcium and phos- 
phorus normal. Biopsy of the bones affected 
showed a diffuse fibrous dysplasia which 
had destroyed normal bone architecture and 
growth. 

In the differential diagnosis osteitis fibrosa 
cystica generalisata, osteitis deformans, Ollier’s 
dyschondroplasia and neoplasm were ruled out. 
The authors felt that their case fitted the pic- 
ture of polyostotic fibrous dysplasia as de- 
scribed by Lichtenstein. Their case had the 
unusual complication of multiple congenital 
arteriovenous aneurysms. They feel that both 
changes are due to a congenital disorder of 
mesoderm. 

Cases of polyostotic fibrous dysplasia with 
skin pigmentation have been described pre- 


viously.—-R. M. Harvey. 


Sacus, Maurice D. Familial brachyphalangy. 
Radiology, Nov., 1940, 35, 622-626. 


Brachyphalangy is a condition in which one 
or more of the phalanges are short and thick. 
It has rarely been reported as a familial condi- 
tion. The author discusses a family in which 32 
members, 15 females and 17 males, had brachy- 
phalangy involving only the middle phalanges 
of the fifth fingers. Roentgenograms are given 
showing these phalanges short and broad and 
curved outward. The little fingers as seen in 
photographs curved outwards. 

The anomaly was transmitted by both males 
and females. There were no cases of mongolism 
or idiocy in the family. It was at one time 
thought that this condition occurred only in 
mongols or idiots. Roentgenograms of the feet 
and sella turcica were normal. The above cases 
cannot have been caused by amniotic bands as 
it is highly improbable that such bands would 
affect only the middle phalanges of the fifth 
finger in five generations.—Audrey G. Morgan. 


Scott, W. Epiphyseal dislocations in scurvy. 
F. Bone & Foint Surg., April, 1941,23?, 314-322. 
Scurvy is a state of hypovitaminosis C with 

a tendency to hemorrhages and secondary ane- 

mia. Skeletal changes appear early in the dis- 

ease although often unrecognized in the mild 

cases. Osteoclastic bone resorption is accel- 

erated throughout the skeleton, especially at 
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the metaphyseal ends of the long bones. Recent 
workers have shown that the epiphyseal sepa- 
rations occur through the zone of temporary 
calcification, which is represented on the roent- 
genograms by the white line at the end of the 
metaphysis. This zone is vulnerable to trauma 
by reason of its high calcium content. Hemor- 
rhages occur beneath the periosteum simul- 
taneously with the development of lattice frac- 
tures. The periosteum is stripped from the 
shaft. This stripping away of the periosteal cuff 
predisposes to epiphyseal separations. 

The infant skeleton remarkable 
adaptability in adjusting itself to the deformi- 
ties occurring with epiphyseal separations. 
New bone is laid down by periosteal bone for- 
mation mainly on the side of the shaft toward 
which the epiphysis is displaced and the epiphy- 
sis becomes centered again at the end of a 
broadened metaphysis. Through secondary 
bone resorption the shaft is reduced to its 
original size and shape. 

In the case of more marked dislocations a 
new shaft is formed within the periosteal cover- 
ing which remains when the shaft escapes 
through a large rent. The extruded shaft is 
absorbed. 

The order of frequency of the sites of these 


pe ssesses 


fractures is lower femur, upper humerus, costo- 
chondral junction and lower tibia. 

According to the author only one roentgeno- 
graphic sign is conclusive, the white line at the 
metaphyseo-epiphyseal junction with a zone 
of rarefaction on the shaft side of this white 
line. Calcification in subperiosteal hematomas 
only occurs with healing and requires ten days 
to become visible on the films. Traumatic dis 
locations can be differentiated by the absence of 


the white line.-R. M. Harvey. 


Hupson, R. T., Hucuerson, D. B., and Orr- 
ner, A. B. Complete bilateral epiphyseal 
separation of the upper humeral epiphysis 
due to scurvy. 7. Bone & Foint Surg., April, 


1941, 23, 375-379. 


This is a case report of an unusually severe 
case of scurvy in which complete bilateral sepa 
ration of the upper humeral epiphyses occurred. 
The authors were not able to find a similar case 
reported in the literature subsequent to 1917. 

Their patient was a female aged nine months, 
who had been denied vitamin-containing foods 
since birth. The child had exhibited generalized 
tenderness and swelling of the extremities since 


| 
| 
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the age of six months. Roentgenograms of the 
entire body showed wide separation of both 
upper humeral epiphyses and calcified ub- 
periosteal hemorrhages about the humer , fem- 
ora, tibiae and fibulae. Marked increased 
density of the zones of temporary calcification 
was present. 

[he epiphyseal separations of the humert 
were treated by manipulation under a general 
anesthetic and fixation in abduction in a double 
body spica. Check-up films following adequate 
vitamin therapy after a two month interval 
showed normal relationship of the upper hu 
meral epiphyses to the shaft. Dense callus was 
present about the shafts of both humeri at their 


upper ends. R. M. Harv 


Bett, C. The roentgen-ray examina 
tion in Indi duals suffering trom low back 
with examples of some Ie 

sions in which errors in diagnosis may readil 


be made. Radi ogy, Uct., 


1Q4 449 45 
Cases of pain in the lower part of the back 
and sciatic nerve are described and illustrated 
with roentgenograms. Roentgen examination 
with lipiodol was made in these cases and 
showed Various types of lesion S, includ ng frac 
tured vertebrae and herniated intervertebral 

Close cooperation betwee neurolog t and 
oentgenologist Is necessary such cases. Con- 
trast medium should not be injected into the 
spinal canal unless neurol 
dicates that this method 

Ihe auth 


gic examination 
advisable. 

prefers the use of-2 cc. lipiodol 
ation and has never had any bad 
results from its use. A number of films should 


be made covering all the regions in which path 


tor the examin 


OlOYg cal le S1O1 are uspect Gg. He seldom makes 
less than eight exposures in the anteroposterior 
lirection and usually at least tw n one of the 
lateral positior 

t has bee: 


mpossibl » GIS 


t nguish betwee defects Caused by hype 
trophied ligaments and those caused by herni 
ated intervertebral discs. In 


ft cases herniated intervertebral disc 1s accom 
panied by a hypertrophied ligamentum flavum. 
But there may be a hypertrophied ligament at 
ne level and a herniated disc at another. Hy- 
pertrophy of the ligamentum flavum 1s a def 

te entity but the major symptoms are prob 
ably caused by some associated lesion in most 


Cases. 


a large percentage 


In traumatic cases that do not do well and 
develop low back pain roentgen study of the 


spinal canal is indicated. 4udrey G. Morgan. 


BERNARD H., and Nosik, WitiiaMm A, 
Myelography with the use of thorium dioxide 
solution (thorotrast) as a contrast medium. 

1940, 375, 459-466. 

When thorium dioxide was first injected into 


Radiology, 


the subarachnoid space there were severe re- 
actions and even some deaths. But with the 
development of thorotrast—an alkaline buf- 
fered suspension of thorium dioxide in a protec- 
tive colloid dextrin—these difficulties were 
overcome. Thorotrast is very well borne. 
Even this substance, however, caused con- 
siderable irritation of the meninges and it 
seemed desirable to remove it after the myelo- 
\nimal experiment showed 
that this could be done without injury by 


grams were made. 
forced drainage of the cerebrospinal fluid. When 
the method was used in human beings quanti- 
spinal fluid and 
of 1 cc. of the thorotrast injected showed that 


tative analvsis of the removed 


more of the substance was eliminated than of 
any other radiopaque substance that had been 
used before. The quantitative recovery was 
from 70 to go per cent. The radium equivalent 
of the alpha and gamma radiation from the 
residual thorotrast was far below the minimal 
TOXIC level. 

It is evident that this method of examination 
in subarachnoid block but 
only in non-obstructive or partially obstructive 


should not be used 


lesions in the canal. But these are the lesions in 
which diagnosis is most difficult and surgery 


most hopeful..dudrey G. Morgan. 


Gar-anpb, L. H. The effect of iodized oil on the 
meninges of the spinal cord and brain. Radto/l- 
ogy, Oct., 1940 35, 407-479. 

Animal experiment has shown that lipiodol 
(fresh iodized poppy seed oil) can be injected 
into the subarachnoid space of the spinal canal 
without danger. The oil remains in the pa- 
tient’s cerebrospinal system indefinitely and 
may be mistaken on later roentgen examina- 
tion for serious lesions. The author in collabora- 
tion with Morrissey has examined such pa- 
tients years after the injections and found no 
clinical or neurological symptoms caused by 

il. He believes the use of 
lipiodol justified in cases in which it is indicated. 

Indiscriminate use of any contrast medium 1s 


the presence of the O 


not justified 


| 


In the discussion of this series of papers on 
spinal examination Dr. Camp said that con- 
trast examination of the spinal canal might 
show herniated discs but the symptoms were 
apt to be caused by some associated pathologi- 
cal condition. Tumors in the cervical or tho- 
racic canal may cause low back pain. He empha- 
sized the necessity for thorough neurological 
examination before introducing any opaque me- 
dium into the spinal canal. In using todized oil 
he prefers § cc. to the 2 cc. recommended by Dr. 
Bell. He has not been able to rule out small non- 
obstructing tumors definitely without the use 
of § ce. of oil. Practically all protruded discs are 
with hypertrophied ligamentum 
flavum, so the roentgen differentiation is not 
important. His only objection to thorotrast is 
that it is an intense irritant to soft tissues, and 
in doing lumbar puncture it is often impossible 
not to get some of the medium in the epidural 
space. He emphasized the necessity for using 
fresh lipiodol which is transparent and of a 
very faint yellow color. 

Many of the reactions from lipiodol are due 
to the use of a deteriorated oil. If the oil has 
any brown tinge it should not be used. He 
thinks lipiodol more accurate than air for such 
work.— Audrey G. Morgan. 


associated 


AvetsteiIn, Leo J. Spinal extradural cyst as- 
sociated with kyphosis dorsalis juvenilis. YS 
Bone &F Foint Surg., Jan., 1941, 237, 93-101. 


Adelstein reports a case of extradural spinal 
cyst associated with kyphosis dorsalis juvenilis 
and reviews 16 other cases collected from the 
literature. He concludes that the clinical pic- 
ture of an adolescent with progressive para- 
plegia, together with erosion of the vertebral 
bodies in the mid-thoracic region as seen in 
kyphosis dorsalis juvenilis, is pathognomonic of 
an extradural spinal cyst. All cases of kyphosis 
dorsalis juvenilis should be carefully examined 
for evidence of spinal cord compression and 
for roentgenographic evidence of enlargement 
of the spinal canal. The deformity seen in 
this condition in association with extradural 
cyst results from venous stasis secondary to 
the presence of the cyst. The etiology of these 
associated disease processes is unknown. Early 
surgical intervention with removal of the intra- 
spinal cyst usually results in complete cure 
with relief of all signs of compression of the 
spinal cord and prompt arrest of the kyphotic 
deformity..-R. Bromer. 
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CLEVELAND, MarHer. Tuberculosis of the 
spine. 4m. Rev. Tuberc., Feb., 1940, £7, 215 


231. 


This report deals with 330 joints of tubercu 
lous involvement studied in the Sea View and 
St. Luke’s Hospitals in New York; §2.4 per 
cent of these were spinal lesions; 17.2 per cent 
concerned the knees; 10.6 per cent the hips; 

per cent the sacral iliac joints; 4.8 per cent the 
tarsal joints; 1.8 per cent the ankles and 0.6 pet 
cent the symphysis pubis—thus, 94.4 per cent 
were weight bearing joints. The remaining $.5 
per cent, non-weight bearing joints, included 
the shoulders, 0.9 per cent; the elbows, 3.0 pel 
cent and the carpal joints, 1.6 per cent; 58.6 
per cent were males; 41.4 per cent were females. 
With consideration of age, the highest 11 
was found in the third decade though close ap 


proximations were found In the first two dec 


ciden¢ 


ades. 

Rarely were the joint lesions diagnosed with 
in six months of the onset of symptoms; the 
average duration of symptoms prior to con 
plete medical analysis was three 
three months. The 
pains, tenderness and slight curvatures. Musck 


vears and 
symptoms included root 
spasms were usually noted, while roentgeno 
graphically (in those cases having symptoms 
for six months or longer) the findings varied 
from merely narrowing of the joint space t 
actual destruction of adjacent vertebrae an 
abscess formations. Not infrequently, surgica 
procedures had been undertaken with conside1 


becaust 


ation of gallbladder disease or 
hernias or retroperitoneal tumors, in most 
stances of which the correct diagnoses would 
have been revealed by roentgenography of th 
spine. 

Of the various levels, the highest incidenc 
of involvement was between the seventh tho 
racic through the fifth lumbar. Rarely were the 
cervical or sacral 
eight of the 203 patients showed some evidence 
of cord pressure. The greatest number of thes« 
thoraci 
vertebrae. Abscess formations occurred in 86 


segments involved. Forty 


had lesions at the seventh or eight 
per cent ot the St. Luke’s group (3 
and 68 per cent of the Sea View group (1 
tients); 13 per cent of the St. Luke’ 
showed sinuses while 22 per cent of the Sea 


patients 
} pa 


group 


View group showed them (with the mortality 
of §O per cent). Spontaneous fusion resulted 
23.6 per cent of the spinal lesions but the aver 
age time requirement was almost seven veal 


| 

| 

| 
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practically twice as long as required after sur- 
gical intervention. In most cases, a modification 
of the Hibbs operation was performed. Of these 
patients, §5.7 per cent were returned to their 
homes within twelve to eighteen months with 
excellent results; 25.1 per cent died.— 4. 4. de 
Lorimier. 


Mayer, Ernst G. Uber Wirbelveranderungen 
bei Rickenmarkstumoren. (Vertebral changes 
associated with spinal cord tumors.) Fortschr. 
a. d. Geb. d. Rontgenstrahlen, May, 1941, 63, 


293-299. 


Changes in the vertebrae are not sufficiently 
recognized as a sign of spinal cord tumor. The 
first sign is a widening of the intervertebral 
foramen observed particularly in hour-glass 
neurinomas. In one instance this is well shown 
In an oblique view of the cervical spine Ww ith the 
lesion between the fourth and fifth vertebrae. 
The foramina are demonstrated with difficulty 
in the dorsal area, but more easily in the lumbar 
spine. Another sign is the widening of the spinal 
canal as recognized in the sagittal view by the 
method of Elsberg and Dyke. The lesion should 
be located at the highest level of expansion as 
the lower limits of the tumor are indeterminate 
by this method. Changes occur which are sec- 
condary to spinal fluid block and there may be 
expansion of the canal one or two vertebrae 
above the actual site of the tumor. A third sign 
hitherto undescribed has been observed repeat- 
edly in tumors of the cervical area. It consists 
of an atypical position of the vertebrae produc- 
ing an angular kyphosis at the site of the lesion. 
Three cases illustrating this sign are presented. 
One was in a fifty-three year old woman with 
an angulation between the second and third 
cervical vertebrae, and myelography showed a 
complete block at this level. The second con- 
cerned a fourteen year old child with an angu- 
lation between the fourth and fifth segments. 
The myelography showed a complete block just 
above this level and at operation a glioma was 
demonstrated. The third case was a thirty-six 
year old woman with a kyphosis at the fourth 
and fifth cervical level; myelography and later 
operation disclosed the lesion, a neurinoma, at 
this level. Such a change in the intervertebral 
disc may be falsely interpreted as an inflamma- 
tory process, but in such a case there would be 
a more evident involvement of the vertebral 
body . Sometimes a lesion of the soft tissues may 
permit a subluxation of the bodies, 1.e. a slight 


and Radium Literature 


oo 


spondylolisthesis, but the appearance is dif- 
ferent from the angular kyphosis associated 
with an intraspinous lesion.—W. 4. Evans, Fr. 
BenArp, MIKL6s, and KovAcs, Axos. Osteo- 
arthropathie hypertrophiante mit Veran- 
derung des endokrinen Systems. Zur Genese 
des Syndroms Marie-Bamberger. (Hyper- 
trophic osteoarthropathy with changes in the 
endocrine system. Concerning the genesis of 
the Marie-Bamberger syndrome.) Fortschr. 
a. d. Geb. d. Réntgenstrahlen, Nov., 1940, 62, 


316 321. 


This condition is described as a symmetrical 
thickening of the distal epiphysis of the long 
and short tubular bones as the result of peri- 
osteal new bone formation usually in association 
with chronic pulmonary or cardiac disease. The 
case report concerns a twenty-five year old man 
who at the age of sixteen began to notice en- 
largement of the distal phalanges of the hands 
and feet. At the age of nineteen he suffered an 
acute polyarthritis and the following year was 
hospitalized with 


endocarditis and ascites. 
Loud systolic and diastolic murmurs were au- 
dible and the heart was enlarged to the left. The 
hands and feet were enlarged with drumstick 
deformities of the fingers and toes and there 
was a remarkable hyperextensibility of the dis- 
tal phalangeal joints. Very thick laminated 
periosteal shadows were demonstrated roent- 
genologically in the long bones and there was 
osteophyte formation about the joints. The 
sella turcica was small (42 sq. mm. VS.a normal 
of 75 with bony bridging of the 
clinoid processes. 

The osteoarthropathy was thought not to be 
acromegalic in character and to have no con- 
nection with the cardiac condition. The blood 
sugar curve fell to 56 mg. per 1 


sq. mm.) 


occ. one anda 
half hours after the ingestion of 40 gm. of glu- 
cose with mild symptoms of a hypoglycemia. 
This finding together with the small sella and 
the evidence of irregular bone development led 
to a diagnosis of hypophyseal dysfunction. 


W. A. Evans, Fr. 


WicutL, Orro. Uber Erniedrigung der letzten 
Lendenbandscheibe Vorkommen 
lumbosakralet Ubergangsbandscheiben. (Nar- 
rowing of the last lumbar intervertebral disc 
and the occurrence of transitional lumbo- 

Fortschr. a. d. Geb. d. Réntgen- 

strahlen, Oct., 1940, 02, 229-247. 


und das 


sacral discs. 
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The fifth lumbar vertebra and its disc are 
subject to anatomical variations. Sacralization 
or a tendency to the sacral type of vertebra is 
called the ascending or cranial type. On the 
other hand, the 25th vertebra may not be in- 
cluded in the sacrum leading to an increase in 
the number of presacral vertebrae (lumbariza- 
tion, i.e. caudal or descending type). Transi- 
tional forms are common (10 per cent) and of 
these 9 per cent are lumbarization. Their clinical 
significance lies in the question of their presence 
as a basis for pain. The last lumbar disc is 
wedge-shaped and in youth measures 6 mm. 
thicker at the anterior aspect. The angle formed 
by the adjacent bony surfaces is 10—27° with 
7° in youth and 6—29° with an 

in adults. The discs undergo 
physiological age changes as early in life as the 


an average of 1 
average of 16 


second decade and there is a progressive nar- 
rowing with respect to the vertebral bodies 
throughout life. This tends to be more marked 
anteriorly and results in a greater mobility 
W hich leads to sclerosis of the adjacent bony 
surfaces and lipping. 

No close correlation exists between the roent- 
gen appearance and the severity of the patient’s 
complaint and very advanced changes may be 
present without any complaint. Rarely must 
tuberculosis and osteomyelitis be considered in 
the differential diagnosis and other inflamma- 
tory conditions are occasionally responsible for 
a narrowed disc. 

In transitional anatomical forms (sacraliza- 
tion) there may be narrowing of the disc on a 
degenerative basis (Schmorl) with arthrosis and 
bony sclerosis, but the narrowing may also be 
purely anatomical in character. Beginning 
about the fifteenth year, the sacral vertebrae 
begin to fuse with disappearance of the inter- 
vertebral discs, and this occurs in a cranial di- 
rection and is generally complete at twenty-five 
to thirty years. When there is sacralization of 
the fifth lumbar vertebra, a corresponding nar- 
rowing of the lumbosacral disc may be expected. 
The absence of sclerosis, lipping, and other de- 
generative changes in the adjacent bone and 
about the articular facets speaks for the ana- 
tomical character of the narrowing. However, 
it is thought that these transitional discs are 


more subject than normal ones to degenerat vi 

changes. -W.. 4. Evans, Fr. 

SreHrR, L. Das Wirbel-Hamangiom. (Vertebral 
hemagioma.) Fortschr. a. d. Geb. d. Rintgen 
strahlen, Sept., 1940, 62, 179 


Bata: 


Primary tumors are much less common that 
secondary metastases in the spine and of the 
primary tumors the greater number are benign. 
Hemangiomas are by far the most common pr 
mary tumors. In Schmorl’s Institute there was 
an incidence of 10.7 per cent in 3,829 spin 
examined. Many of these hemangiomas were 
very small and would not have been demonstra 
ble during life. The author has collected 14 
cases, some of them symptomless and 2 were 
verified by autopsy. The roentgen appearanc: 
is characteristic and permits an unequivocal 
diagnosis of the lesion. Although the kk 
benign in the sense that they do not metasta 
size, some of them are progressive not only pr 


n 
IONS are 


ducing pressure on but destroying the adjacent 


bone. While some of the trabeculae are di 
troyed, others become thickened to take up th 

support of the body and, as might be expected, 
these are chiefly the trabeculae. | 
addition to the altered 
there may be an expansion of the body, usually 


vertical 


trabecular marking 


laterally but occasionally posteriorly so as te 
narrow the neural canal. The lower dorsal ar 
upper lumbar bodies (i.e. those with the richest 
I vol\ d al 

| he le 


is predominantly monostotic and such was the 


blood supply ) are most commonly 
the cervical region only very rarely. 


fact in the author’s 14 cases, but careful path 
ologic study may show microscopic lesior 
other vertebrae. There was a predominance ot 
females in the ratio of g:6. Cases have 
described below the age of twenty. That the 
volved bodies are quite solid is shown by the ob 


bee) 


servation of a compression fracture in an a 


jacent healthy vertebra. The instance of a com 


pression fracture involving a hemangiomatou 
vertebra was observed and the subsequent 
observation over a five year period showed n¢ 
mal healing and no change in the character otf 
the lesion. In the differential diagnosis actin 
mycosis and Paget’s disease may rarely oftei 


difficulty... W. 4. Evans, Fr. 
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